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NOTES ON POLLINATION AND CROSS-PEETILISA- 
ilON IN THE COMMON RICE PLANT, ORYZA 
S ATI VA, LINN. 


G. P. HECTOR, M.A., B.sc„ 
Economic Botanist, Bengal. 


I. — Introductory. 

^ Ddring the past two years a large number of varieties of 
nee, cultivated m the districts of Lower Bengal, have been grown 
on the Daeoa farm, with the object of studying their characters 
in single plant cultures and of ascertaining to what extent, if 

any, natural cross-fertihsation takes place, as a correct estima- 
tion of this latter point and of the precautions likely to be 
necessary to keep varieties pure, is an essential preliminary to 
«ie work of successfully distributing seed of improved types. 
This preliminary work is necessary in the case of all crops, but 
particularly so m the case of a crop like rice, in which the 
number of cultivated varieties, differing frequently by most 
minute points of difference, is very large, and the risk of accidental 
mixture of seed very great, owing to the peculiar conditions under 
which rice is grown. 

Though the results obtained up to date are far from complete, 
they have shown^ that while some types are much superior to 
others and self-fertilisation is the normal process, cross-fertilisa- 
tion does undoubtedly take place and under certain circum- 
stances may considerably affect the successful introduction of an 
improved type into any particular locality where other inferior 
types are commonly grown. This question of pollination and 
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irtilisation in rice has not been studied in detail in India, 
and ill the following notes it is proposed to give a preliminary 
account of our observations on the subject, as far as the districts 
of Lower Bengal are eoncerned. 


II. — Pollination. 

A superficial examination of the flower of rice would lead 
one to believe that cross-pollination by the agency of the wind 
was the normal method. Shortly after the opening of the glumes 
the anthers may be seen hanging downwards from their filaments 
in such a way as almost to preclude tlie pollen from reaching the 
stigma of the same flower if dehiscence has not already taken 
place before this pendent position is reached, and freiiueiitly also 
the two feathery stigmas may be seen protruding one on either 
side from between the open glumes. Though no work has hitherto 
done in India on the subject, much has been done in other 
countries, and a brief summary of previous literature is given 
below. Knuth'^' states that the species is allogamous and that 
anthers are still closed when they emerge from the glumes, 
do not dehisce till after they have bent over and hang down- 
wards. More recently a Japanese worker, M. Akeiuine,t has 
'veil a detailed account of the morphology of the flower and of 
wering of a race of swamp-rice, known as “ Akaghe,*’ occur- 
Northern Japan. Only a summary;|; of this paper has been 
seen by us. According to the summary, the author discusses in 
detail the climatic factors affecting the flowering and setting of 
the grain, describes the method of pollination, and gives cytolo- 
gical details regarding the fertilisation process. He gives no 
cases of the occurrence of cross-fertilisation, and concludes, from 
observations and experiments on the flower, that self-fertilisation 
wdiat usually occurs, pollination according to the writer taking 
the flowers open. Lastly, Pruwirth and Van der 


j-’iower rouination, voi. lu, lyw, p. oai. 
f “ On the Ij'lowers and Flowering of 0. sativa,” Agric. Ga*clU‘, Nogjo-Selcai, IhlO-i 
t ot Bot. OeutralblaUvNo. 41 of 1911, pp. 370-71. 
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Stok* summarize fully all the work done up to date, chiefly by 
the latter in Java, on the subject of rice-breeding in general, 
meluding the question of pollination and cross-fertilisation’ 
According to these authorities, self-fertilisation is the usual 
process, but cross-fertilisation may not infrequently take place 
between neighbouring plants, and must be taken account of in 
all breeding work. 

According to our observations on the Dacca farm, the actual 
process of pollination is as follows 

^ The spikelets, or flowers, mature from above downwards in a 
fairly re^mlar sequence, and in the case of any individual flower 
the opening of the glumes and pollination takes place, as a rule, 
on the same day as that on which it emerges above the level 
of the leaf-sheath if this happens before mid-day, or at latest 
111 the course of the forenoon of the following day. In almost 
evmy normal case, dehiscence of the anthers and pollination 
take place practically simultaneously with the opening of the 
glumes, sometimes even before they open at all, and at the 
time of dehiscence the stigmas are still enclosed and the 
anthers still within the shelter of the glumes. Hence self-ferti- 
lisation appears to be the usual method. In the case of Atis 
varieties, which in Lower Bengal flower during the months of 
May and June, the opening of the glumes and dehiscence of the 
anthers commences usually between the hours of 7 and 8 am 
and continues till about 10 a.m. when it stops for the day, 
but m the ^ case of the Aman varieties which generally begin 
to flower in late October or early November, not till latei^iii 
the forenoon, beginning usually between 9 and 10 am and 
continuing till mid-day. The later time of day at which the 
flowers of the maw varieties open is probably due to the much 

lower temperatures in October and November. 

Immediately before the flowers open and dehiscence takes 

place it may be seen that the top of the anthers is just touching 
the concave roof formed by the glumes which are still closecf 

Fruwirth.Die ZUchtung.der Lamlwirtschaftlicheii KulturpAanzcD, B. V., 1912, pp. 
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such cases were found, and in each case as many red-grained seeds 
as could be picked out w'ere sown and the seedlings transplanted 
separately in 1912, every precaution being taken to prevent 
accidental mixture. In three of the six plots the red seeds have 
given rise to a few white-grained plants, proving that these were 
heterozygous as regards seed colour. 

To return to the variant plants mentioned above, seed of 
four of these, which it was suspected might be crosses, was care- 
fully preserved, sown and transplanted separately in 1912, and all 
have given rise to a variety of types as described below : — 

The first of these (labelled Ba 1), was found in a variety 
named Gobrabali, a coarse rice from Bakarganj, and differed from 
the type chieffy in having reddish-coloured awns. This in 1912 
split into four types— 

(1) Red aAvns, two inner glumes at iloweriug time pale green 

with red tip, turning jellow when ripe, stigmas black ... (»0 

(2) Red awns, inner glumes at lioweving time dark green with 

red tip, turning mottled brown, stigmas black ... 13 

(3) White awns, inner glumes at flowering time pale green witli 

no tip, turning yellow, stigmas white ... ... 19 

(4) White awns, inner glumes at Howering time dark green with 

no tip, turning brown, stigmas white ... 4 

Ratio red awns to white awns, .3-17 : 1 

The second (labelled B 20) was found in a variety named 
Ukulmadhu from Rajshahi. The parent plant had a small, fine 
grain, the two small outer glumes yellow, and the inner glumes 
yellow with brownish coloured apex. This in 1912 split into 
three main types — 

(!) Small outer glumes yellow, inner giuuies at first green with 
reddish tip, turning yellow with recldi.sh tip, stigmas 
purple ... ... ... .0 noted. 

(2) Ditto, but with stigmas white ... ... ... 5 „ 

(.3) Small outer glumes coloured reddish-brown, inner glumes at 

first reddish with no tip, turning black, stigmn.s white ... 2 

The only obvious difference between types (!) and (2) in this 
ease lay in the colour of the stigma which can bo accurately de- 
termined only before pollination has taken place. Unfortunately 
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the plot was not examined in detail till after tiowering- was 
almost over, and the colour of tlie stigma could be determined in 
only a small number of plants. 

The third and fourth examples will be treated together. 
These wei’e red-grained plants picked from white-grained plots, 
the^ red-grained plants in both cases being otherwise almost 
indistinguishable from the remaining white-grained plants in the 
plots. The first of these (labelled Ml) was found in a variety 
named Amaii paddy trom Mymensing, and the second (labelled 
B 1 5) in a variety named Bankalam from Bogra. These both 
split in 1912 into red and white-grained plants, otherwise almost 
indistinguishable except for grain colour, in the proportions fyiv-en 
below — 

1. Ml, red-grained, 1911 ... 1912, red-grained ... 145 » ratio, 

white-grained ... 55 J 2'6r. : ]\v. 

2. B15, red-grained, 1011 ... 1912, red-grained ... 132 1 ratio. 

wliite-grained ... 68M’9r. : Iw, 


Besides these four cases, mucli further evidence has been 
afforded by a series of Dinajpur varieties started from single 
plants selected in 1911. The seed of these varieties was collected 
from Dinajpur, partly from cultivators and partly from the 
Bazaars, and all were very mixed. In 1911, eighty-six sincrle 
plants were selected from these Dinajpur plots and these were 
sown and transplanted separately in 1912 and no fewer than seven, 
or a pereeiitage of 8*15, have given rise to a mixture of types. 
These are described below in detail. 


In the first (labelled D 28), the parent plant had the small 
outer glumes coloured reddish-brown, and the inner fylumes 
yellow with a dark apex. This in 19.12 split into the foUq^^^Sjcurr/to'' ' 
four main types 

( 1) Outer glumes coloured reddish-brown, inner glumes tit llowering tii|(e< LIBRARY. 

green with red tip, turning yellow with dark tip, stigma.s black.^^ioted. 

(2) Oitto with stigmas white ... ... ^ 

(3) Taller, more robust plant, outer glumes coloured reddish-brown, inner ^ 

glumes at tiowering time reddish, turning black, stigmas black ... 2 

(4) Ditto with stigmas white ... ... ^ 





As iu the case of R 20 described above, here again it was 
too late to determine accurately the stigma colour in types (1.) 
(2), the only obvious point of difference between them, when 
was examined, except in the cases noted, 
the second (labelled D 6), the parent plant had a red 
and in 1912 split into four main types, two with rod and 
dth white grains, as noted below. 


D 6— Red-grained, 1911. 


(1) Reddish leaf -aheatha and 
stem above nodes, grain 
white ... 14. 


(2) Ditto, grain 
amber ... 1. 


(3) Green leaf- 
sheaths and 
stems, grain 
red of vari- 
ous shades 


(4) Ditto, grain 
white ... 26. 


In the third (labelled D 7), the parent wa.s red-grainod, and 
into three main types, two with red gi’ains and one with 
white, in the proportions given — 

1. Glumes yellow, grain i*ed ... ... ... 50 

2. Glumes mottled brown, gi’ain red ... ... ... ... .34 

3. Glumes mottled brown, grain white ... ... ... 18 

The remaining four Dinajpur examples are .similar to those 
of M L and B 15 described above, 'viz., red-grained parent plants 
splitting into red and white-grained offspring, almost indistin- 
guishable except for the colour of the grain. The details of 
four eases are as follows : — 


Pakent; 1911. 


Red-grained. 


j Offspring 1912. 1 


Red-grained. 

White-grained. 


72 

21 


72 

24 


51 

21 


! 68 

32 


Ratio R. : W. 


a perusal of the above figures, together with those of 
5 quoted above, it would seem that as regards 
segregation is taking place in the simple Men- 
of 3 : Cross-fertilisation experiments are in 
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progress with the object of verifying this and also of determining 
the mode of inheritance of certain other characters. 

In addition to the examples described above of undoubted 
splitting crosses, stray variant plants have also been found in 
twelve of the 1912 pure line plots started from single plants 
selected in 1910, and in fifteen of the 1912 Dinaj pur series started 
from single plants selected in 1911, amounting to about fifty in 
all. Some of these may prove to be accidental mixtures but 
some cannot be matched with any of our other types, and have 
all the appearance of being the generation of crosses which 
must have taken place within our area in 1911. Seed of all these 
is being preserved and will be sown in 1913 and the results noted. 

From the above cases there is reason to believe that natural 
crossing in rice is more common than was at first supposed. 
Moreover, under the conditions in which rice is grown by the 
cultivator, whose varieties are never free from mixtures, it would 
probably take place to a considerably greater extent than in our 
area at Dacca. Even if it did not occur to any greater extent 
than the cases cited would indicate, it would be quite sufficient 
to account for the extraordinarily large number of types which are 
to be found, when one takes into consideration the extent and 
great antiquity of the cultivation. Certain facts also which have 
been brought to our notice lend further evidence to this belief. 
For example, a cultivator from the neighbourhood of Chandpur 
recently informed us that on his own land within the past twelve 
years the number of distinct types to be found in his fields has 
increased from eight or ten to almost a hundred, although he has 
imported no new varieties. 

The main conclu.sions to be drawn from the above results 
are : — 

1. That in Lower Bengal under favourable conditions cross- 
fertilisation may take place in rice to an extent which may be 
provisionally estimated at about 4 per cent. 

2. That this cross-fertilisation takes place wholly through the 
agency of the wind and would seem to be effective only between 
flowers of adjacent plants to a radius of a few feet, 
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S. That as regards certain characters at least, <\cj., grain 
colour, segregation along Mendelian lines appears to take place. 

4. That so long as seed of a variety is kept free from acci - 
dental mixture there is no risk of contamination from cross- 
fertilisation, but that if seed gets mixed, cross-fertilisation will 
undoubtedly take place between adjacent plants in a plot and to 
an extent sufficient in a few years’ time to reduce a variety to 
a number of splitting types. Hence the imperative necessity of 
taking every precaution to keep seed of varieties free from 
accidental mixtures. 


Dacca, 

\0th Jawiary T9l 


A SGLEROTIAL DISKASK OF RICE. 


F. J. F. SHAW, B.sc, (Lond.), a.k.c.s, p.l.s. 

Recent investigations in plant pathology have shown that 
a not inconsiderable number of the diseases of plants are to be 
attributed to the ravages of sclerotial fungi. Considering the 
habitat of these parasites it is not surprising to find that tuberous 
crops {e.g., potato, carrot, beetroot) seem peculiarly liable to 
attack, the disease in such cases being usually known as root 
rot.”^ In other cases, however, the host plant is attacked in the 
seedling stage, the symptoms closely simulating the “ damping 
off” due to Pythium and its allies. Of sclerotial fungi, which 
cause such diseases, one of the best known is Rhizoctonia, to 
which the “ root rot ” of many tubers, as well as the “ dam pin o- 
off” of certain seedlings, is to be attributed. There has, however, 
recently been detected in India a disease of rice, due to the 
attack of a sclerotial fungus, which seems to present some distinc- 
tive feature in its effects upon the host plant. 

The fungus is known as Sclerotiiim OryzcB, Catt., and was 
first described by Cattaneo (2), in 1879, as the cause of extensive 
damage to the rice crop in Novara and Lombardy. His descrip- 
tion was restricted to the morphology of the fungus on the rice 

plant and the symptoms of disease in the crop ; as, however, cul- 
ture work and inoculations were not attempted, adequate proof of 
the parasitic nature of the fungus Avas not obtained. Since the 
work of Cattaneo the fungus has also been discovered in Japan|by 
Miyake (7), and has, within the past year, been collected in 
India. 


A SCLEROTIAL DISEASK OF HICK. 


Sclerolkmi Oryza' is not, however, the onJy member of this 
genus which has been recorded as a disease of paddy. Svl. ylu,~ 
male, Ces., is known to attack rice in Borneo, while a now species, 
Sd, irregidare, is stated by Miyake to be the cause of some loss 
in Japan. Both these can easily be distinguished from Sd. 
Oryzcti by the size of the sclerotia. The former has been found 
on paddy at Noakhali, Eastern Bengal, but does not appear to 
be of any economic significance in India. 

The genus Sderotium was founded by Tode (11) in 1790, and, 
at present, includes a number of species of which the fertile 
stages are known in only a few cases. In 1816 Esenbeck (3) des- 
cribed six of the more important species with figures ; he also 
includes Thanatophytura Crocorwn (Rhizoctonia Crocoru'iit) and 
Erysihe siiffulfa as near relatives of this genus. In a work pub- 
lished a few years later Fries (4) mentions fifty species and classi- 
fies them into four tribes, a sub-division which has persisted to the 
present day. It is interesting to note that he discards the name 
TIianatop>hytum for the more modern one of Rliizoctonia. In 
1869 an enumeration of species peculiar to the Rhine district was 
given by Fuckel (5) ; an earlier publication by Kiihn contains, 
however, more interesting matter. Kiihn (G) gives some account 
of the work of Leveilleand Tulasno (12), published a few years 
previously, by which the connection between Sderotium Clavu,'^, 
D. C., and Claeiccps purimvea, Tub, was established. Ite als() 
mentions that other species of the genus Sderotium have their 
perfect stages among the Clavariacew. It is, of course, now 
well known that the original genus Sderotium of Tode is an 
artificial one, the different members of which are really the sterile 
forms of widely separate fungi. Agaricacerp, Polyporacvw, 
Olavariacepp, Hypocreacerp and Pezizacew, are the groups 
among which the fertile stages of different species of Sderofinvi 
are to be found. 

The Disease in the Field. 

In India the first collection of Sd, Oryzee was made at 
Noakhali. About a year later, in December 1912, fresh material 
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nit 7 i’7 Mandalay, 

San ^ and Pusa; the external «y„.ptoms of disease wek, 

all cases esseutzally the sa.ne. Infected jjants can usually be 

^^ugmshea from their healthy neighbours by the phenomenoi, 
O tillering, that is to say. the development of fresh .vreen 
slmnts from adventitiou,s buds at the base of the infected culm 
lig. I). The infected culm gradually turns yellow and 
dies r any gram which it bears is light and poorly de^loped. in 
ac, .lere is usually nothing within the glumes. The most dis- 
nic ivo feature indeed, the easie,st means of detecting iiifeeled 
hints m the field, IS the “tillering” from the base. In Pusa. 
le disease does not make its appearance until the paddy crop 
I.S (airly well advanced ; hence, even supposing that the fresh 
,shoots ramam free from the fungus, an unlikely event, there is no 
possibility ot their producing any grain. It is the loss of grain 
which constitutes the most .serious damage due to this fumrus 
Jn Burma the disease is one of the causes producing the condilion 
known as “gwa-bo as, however, a number of insect diseases of 
paddy are included under this name, it is difficult to ascertain 
the precise amount of damage due to the fungus. The eollec- 
live damage done by the combined insect and fungus attack is 
stated to run into hundreds of lakhs of rupees annually. Miyake 
m Ins description of the disease in Japan says: “Durch diese 
Parasitierung wird die Bildung der Reiskorner nnvolktiindino- 
daher ist der Sehaden sehr-gross.” He does not appear to have 
observed the phenomenon of “ tillering,” a fact which Cattaneo 
also overlooked. 

If a diseased culm is split longitudinally the basal portion is 

found to be infested with the fungus. The hyphm form a dark 
greyish weft within the hollow stem, and small black selerotia 
can be seen dotted all over the inner surface (PI. II Pio-. n 
Sometimes the base of the culm is quite free from the fungus and 
the attack begins at a node some distance up the stem. A trans- 
verse section through an infected culm shows that hyphm and 
.selerotia are not only present on the inner surface of the stem 
but that the hypluB penetrate the cells, and selerotia are even 
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formotl in the mtereellular spaces between the main vascular 
bundles. This is clearly shown in PL III, Pig. 1, The section 
shows only the inner portion of the stem ; a young sclerotium 
can be seen in one of the larger air cavities and the collapsed 
nature of the innermost layer of cells, in the vicinity of the two 
larger sclerotia, is apparent. In some of the cells hyplne are 
distinctly visible ; they are, however, more clearly shown in Pb 
III, Pig. 2, from the same section. At first sight the sclerotia 
strongly resemble of Rhizoctonia Solan% Kxilm ] they are, 
however, considerably larger and have a distinctly smooth shiny 
surface. In section the younger sclerotia appear to consist of 
fairly small parenchymatous cells, the outer cells being more 
or less definitely arranged in concentric lay ens. (PI. Ill, Fig, 1). 
In fact, at this stage, there is a distinct difiereniiation into 
cortical and medullary zones. In the more mature sclerotia 
the ditterentiation into cortex and medulla is not so apparent, 
while the cell walls are thicker and of a sharp black colour 
(PI. Ill, Pig. 3). 

Cultures. 

Prom diseased plants, such as those just described, cultures 
were obtained on agar. It majr be stated here that in all cases, 
whether the cultures were made from hyphte or sclerotia, and 
whether the material came from Burma, Samalkota or Pusa, the 
same fungus was obtained in culture. Cultures were made 
on media of widely different composition, and, in some cases, tlie 
nature of the nutrient substratum was not without influence on 
the character of the fungal growth. 

Growth appeared to be most vigorous on glucose agar. An 
infection upon this medium resulted in a copious development of 
white hyphic, followed, after five or six days, by the appearance 
of sclerotia. The sclerotia are at first visible as minute cii'ouhu- 
spots of a greyish colour ; subsequently they become black and 
shiny, exactly resembling those found in the rice plant. The 
hyphie are of the usual type, the cells being about 4 ~Cm broad 
and 150 — 350 m long, they contain numerous oil globules and 
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frequently branch. A transverse septum occurs at the point of 
origin of a branch and not some distance from it (PI II, Fig. 1 1, 
cp. Rhizoctoyiia), The sclerotia are roughly circular and vary in 
diameter from ] 50—500/a. They arise from a plexus of interlacing 
lij^pha;, which continue to branch and intertwine until a small 
spherical compact mass is formed. For a time the j^ouno- 
selerotmm increases in size by the adhesion of fresh branches to 
the periphery ; ultimately, the cell walls turn black and all 
further growth ceases. At this stage the interior of the 
scierotiuni has a very definite parenchymatous structure, and it is 
almost impossible to discern that it has been formed by inter- 
weaving hyphas; a thin layer of loosely intertwined hyaline 
hyphse can, however, be seen investing the exterior. Not infre- 
quently several sclerotia become united, forming an incrustation 
on the medium resembling a stroma; this was particularly 
common in cultures on maize meal. 

In culture upon glucose agar, at an early stage, before the 
appearance of sclerotia, the mycelium along the edge of the agar 
appears black. An e.xamination of the hyph* at this region 
shows that they are more or less smoky coloured and of very 
irregular shape (PI. II, Pig. 5 ); they frequently terminate in 
curious appendages. These appendages may consist of one or 
more cells ; they are very much darker iu colour than the cells of 
the hyphm, but resemble them iu their irregular form (PI. II, 
Pig. 6). Ill some cases the parent hypha was attached to the centre 
of the appendage in such a way that the latter was borne in a 
peltate manner (PI. II, Pigs. 7, 8). Infection upon glucose agar 
from these hyphse and appendages produced cultures of the 
normal type resembling the parent culture. The fact that these 
structures are produced along the edges of the agar, in contact 
with the glass, suggested that they might be appressoria. If this 
is the case, it is not easy to understand why their formation 
should be restricted to one sort of agar medium ; in no case were 
they produced upon anything but glucose agar. 

Infection upon nutrient agar containing extract of paddy 
grains gave rise to a rather different habit of growth. Tlie 
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hyphio at first spread over the surface of the agar, and slowly turn 
a brownish colour where they are iii contact with the nutrient 
niediuiii ; the aerial hyphiu, however, remain white. Sclerotia 
arise first upon the surface of the agar, but, ultimately, may lx; 
found imbedded in it at various depths. At a level of al:)out 
J inch below the surface of the agar the hyphte form a dense 
brownish black layer, which, upon examination, is seen t(.> consist 
of an enormous number of chlainydospores. These chlamydos- 
i)ores are formed by the segmentation of the hyphen into a 
number of short thick barrel -shaped cells. They possess thick 
black cell walls and contain food reserve in the form of oil drops 
(PI. II, Fig. 0). Gcrminatioji gives rise to a culture of the 
normal type. 

Growth upon the special medium of lilter papers was s)o^\• 
and produced nothing but liyplnc and sclerotia. The same may 
be said of French bean agar ; in this latter case the fungus seemed 
to remain, entirely superficial. Upon oat juice agar growth 
was very similar to that upon rice agar ; in fact, it is difficult to 
distinguish between cultures of the same age upon those 
two media. Upon Lima bean agar the fungus gave rise 
to a curious red pigment. This developed about three days 
after infection and slowly spread down the tube following the 
growth of the by pine (PI. I, Fig. 3). Growth upon maize 
meal was particularly vigorous, a dense white mycelium being 
formed in about 12 hours, fhllowed by an abundant pro- 
duction of sclerotia. Here, again, the growth of the fungus 
is characterised by the production of red pigment in the 
meal. 

The red pigment is strictly confined to the medium on which 
it is produced. If an infection is made from a culture upon Lima 
bean agar to glucose agar there is a faint reddening of the 
glucose agar just at the seat of infection, but this speedily 
dies away and does not spread down the tube, The produc- 
tion of the pigment is obviously the result of the changed 
metabolism conditioned by the alteration in the nutrient: 
substratum. 
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Inogulations. 

In order to grow the rice plants under sterile conditions the 
method used by Ward (13) in his investigations on the rust of 
wheat was employed. The seeds were first sterilised in 1 7 eom- 
mereial formaline and then sown in sterile potato tubes contaiiiimr 
Knops solution. It was found that sterilisation was mort 
ofhoient if performed under the air pump, the liquid, in this way 
penetrating the space between the glumes more readily. Owiu<^ 
to the laboratory temperature in February being rather low for 
the growth of rice, the tubes were kept in an incubator at a tem- 
perature of 30° C. The incubator was left with its glass door 
facing a large north window, and, for several hours in the middle 
of the day, the tubes were removed and placed in the sun 

The young plants were infected when they were about 7—10 
days old and about 3—4 inches high. The first series of iiifeotions 
was made with .small black sclerotia from an agar culture about 
one month old. None of these inoculations gave any result, the 
sclerotia failing to germinate. Subsequent trials with scleiUia 
from old cultures showed that they had, not infrequently, lost the 
power of germination. Fresh inoculations were then made from 
culture three days old, in which the hyphie were still growing 
vigorously, and sclerotia were not yet formed. A small speck of 
agar was removed from such a culture and placed upon a rice 
culm, about 1 inch above the remnant of the seed ; hyphse quickly 
spread from this centre over the exterior of the culm, which 
gradually lost its green colour and turned brown near the seat 
of infection. As the outer leaf sheath turns brown, the lamina 
attached to it also loses its green colour and wilts (PI. I, pigg 
2, 3) ; finally, the process extends to the central leaves, and the 
whole plant dies. During the progress of the infection a light 
weft of hyphs® can be seen investing the culm ; in the later stages 
of the disease small, dense, white aggregations of hyphie appLr 
m this mycelium, and, ultimately, become hard black sclerotia of 
the usual type. This superficial production of sclerotia is a charac- 
teristic of the section Libera of this genus. We have, however, 
seen that sclerotia may arise in the more deep-seated portions 
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of the host (PI. Ill, Pig 1), so too much stress mu^stnot be laid 
on this character. The first sclerotia usually occur about the top 
of the first leaf sheath, either on its inner or outer surface : in the 
former case they appear as small dark swellings beneath the dry 
and withered leaf base. The time taken from the first infection 
until the death of the plant and the production of the sclerotia is 
about two weeks. 

Portions of dead and dying plants, some of which had not 
yet produeed sclerotia, were incubated in agar tubes. In ail 
cases the}^ gave cultures of Sclerotiimi Oryzie, which exactly 
l esembled those from which the inoculations had been made. 
Since the infections showed that the fungus was strongly 
parasitic, and could penetrate the uninjured external surface of 
the plant, it was not considered necessary to make wound inocula- 
tions. On the whole, 70—80% of the inoculations proved fatal. 

Microscopic examination showed that the behaviour of the 
mycelium in the infected culm was not without interest. The 



bulk of the hypluu appear to run longitudinally in the large air 
cavities of the leaf and in the cells bordering on them (PI. II, 
Fig. 11), while a certain number grow outside the leaves in the 
spaces between the folds of the lamina ; these latter are particu- 
larly obvious investing the delicate edges of the inner leaf (see 
text figure). It is at spots such as this that the rice plant is 
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pecuhariy liable to infection by the fungus. On the outer, 
dorsal, surface of the leaf sheath the epidermal cell wails are much 
thmiier in the areas between the vascular bundles than they are 
immediately behind them, and, at the edges of the leaf, they are 
extremely delicate. Moreover, immediately behind the vascular 
bundles, not only the epidermal, but two or more hypodermai 
layers have thickened walls, which give a cellulose reaction with 
chlorssmc iodide (see text figure). On the ventral surhice of the 
leafsheaUi the epiderniis is uniformly thin, and does not show any 
such differentiation. Thus, on the outer surface of the leaf 
sheath, ^ there are areas which offer a poor resistance to any 
parasitic attack. Once the fungus has gained an entry at one of 
these spots, progress to the more delicate and deeper seated 
tissues is easy, 

Ihe hyphie are both inter-and intra-eellular. It is by no 
means unusual to find that a hypha which has penetrated a cell 
wall possesses a pronounced thickening in the portion on that 
side of the cell wall from which penetration has taken place (PI. 
II, hig. 11), This swelling may be taken as evidence of the 
increase in chemical activity, probably in the direction of 
the secretion of enzymes, which precedes the solution and 
penetration of a cell wall. 

A distinction must be noted here, between the behaviour of 
the infected plants used in the inoculation experiments, and the 
course of the disease in the field. A successful inoculation killed 
the infected plant completely (see PL I, Fig. 3) ; but, in the 
field, the result of an attack seemed rather to be a gradual 
weakening of the host, culminating in the failure to produce good 
seed. Further experiments on a field scale are necessary to 
elucidate this point. It may perhaps be the case that rice plants 
grown under the sterile conditions of our experiments were less 
capable of resistance to the disease than under normal cir- 
cumstances 

Conclusion. 


The above account differs in several important respects from 
that of Gattaneo. In particular the Italian author describes 



some unusual structures in the sclerotium. lie slates, ilia, I 
when the sclerotia are about a fortnight old several vacuoles 
make their appearance in the interior, and, ultiniately, coalesce 
to form one large central space ; the sclerotium thus becomes 
hollow. From the solid, exterior hyplne now grow into the 
central vacuole and bear spores. The spores are circular 
structures, about 12 /w in diameter, and are either borne termin- 
ally, or else laterally, on the walls ot the hyplne. Such a 
method of spore formation was never observed in our cultures, 
nor did a series of mierotomed sections reveal a sclerotium as 
anything but a solid pseudoparenchymatous structure. The only 
bodies bearing any resemblance to the stiores ol; Cattaneo were 
the oil drops in the hyplne. By crushing a sclerotium tlie 
hyplne become torn and the oil dro[)s set free. Under these 
circumstances the oil drops may adhere to the sides and ends 
of hyplne, in positions not unlike those which Cattaneo figures 
for the spores. 

No trace of a perfect stage was ever observed. Brefeld (1) 
has pointed out that the sclerotia of certain Basidioniycetcs 
{^jL(jc(f 7 'icus, Go'p^'inus, Typhulci)f and of PGnicilliuwh and Jii7'yiiiphs^ 
arise by the interlacing of branches of a single hypha, while those 
of the genus Peziza are formed rather from a plexus of inter- 
woven filaments. This comparison has been somewhat erroneous- 
ly generalised by some writers (Stout 10) into the statement that 
the sclerotia of Basidiomycetes arise from a single hypha and 
those of Ascomycetes from a plexus of hyphre. In the genus 
Phmetonia it has been found (Shaw 8) that Rhkoctonia Bolani, 
Klihii, forms its sclerotia from a single hypha, whereas, in the 
macro -sclerotial species, of which Corticium var/vmi is the perfect 
stage, the sclerotia arise from a mycelial plexus. It is evident, 
therefore, that this character does not afford any basis for 
taxonomic consideration, since both methods of sclerotia! forma- 
tion occur in both Basidmnycetes and Aaconiycetes, 

It is interesting to note the changes in the appearance of the 
fungus, according to the nature of the nutrient substratum. 
These changes are most marked in the colour and form of the 
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hyphaa, and, as Stevens and Hall (9) have already pointed out, 
afford ground for reflection when we consider the characteristics 
on which ^omQ the Fungi imperfecti are classified. 

Against a parasite such as Scl Oryzm it is diflicult to see 
wiiat remedial measures can be employed with success. The 
sclerotia of the fungus undoubtedly perennate in the soil, where, 
under favourable conditions, they germinate and produce a 
mycelium which attacks the paddy crop. Cattaneo suggests 
the application of salammoniac, with a view to killing the 
sclerotia in the soil. Even if this is successful on a small scale, it 
IS manifestly impossible to the extent which would be necessary 
in India. Probably the breeding of resistant varieties is the 
only method by which any permanent resistance could be made 
m the case of a field crop such as rice. Fortunately the damage 
done in India at present does not appear to be sufficient to bring 
this question within practical consideration. 
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APPENDIX. 


CBjUGOSe Agar.— 

Extract of .Leraco 
Sodium chloride 
Peptone 
Glucose 
Agar 
Water 


10 „ 
20 „ 
ir, „ 
1000 c.c, 


Rice Agar,-- 

Take 50 gnns. of crushed rice seed and boil with 300 c.c. of water for 
1 hour, .strain through a wire gauze. Dissolve 10 grms. agar in 
200 c.c, water, add the decoction and heat to mix thoroughly. 

Oat Agar, Lima bean agar and French bean agar are prepared in tlui 
same way with the substitution of oats, Lima bean, or French bean for 
the rice grains. 

Filter Paper, — 

Ammonium nitrate 
Magnesium sulphate 
Potassium phosphate 
Lactic acid 
Water 

solution, add 10 grms, filter paper and sterilise. 




10 grm.s 
1 „ 



... 5 ,, 

2 ,, 

... 1000 c.c. 
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besokiption of plates. 

Plate I. 

Fig. 1.— Rice plant infected ^vith Sderotnim note the young shoots 

growing out from the base of the infected culm and the outer sheathing leaf 
covered with sclerotia. x 1. ® 

^ Figs. 2, 3.— Young plants inoculated ' with Sclerotium OryzcK. In 3 scle- 
rotia are forming, x f . 

Fig. 4.— Culture on Lima bean agar, x 1. 


Plate II. 

Fig. 1 — Rice plant with Sclerotmm Orytm—noiQ .sclerotia formed within 
hollow stem, x 

Figs. 2, 3, 4.— Young and old .sclerotia from glucose agar culture, x 50. 

Fig. 5. Hypha from the edge of glucose agar culture, x 700. 

Fig. 6. —Appendage on hypha. x 700 

Figs. 7, 8 — Appendages borne in peltate fashion, x 700. 

Fig. 9.— Chlamydospores from rice agar culture, x 700. 

F,o^ I0.-Hypl,a from rice egar ooltnre breaking „p 'i„io chlamydoeporee 
and single cells, x 700. 

Fl«. ll.-Longitadinal section of leaf showing hyphre in intercellular space 
and cells bordering on it. x 700. ^ 


Plate III. 

Fig. L— Microphotograph. Transverse section of stem of diseased rice plant 
from Pusa crop. Note two sclerotia present on the inner surface of stem and 
one small sclerotia in large air cavity, x 50. 

Fig. 2. — Microphotograph, The same showing hyphte in cells. The rounded 
bodies with dark centres are starch grains, x 170. 

Fig. 3. — Microphotograph. Section through mature .sclerotium. 
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Fig. 2. 


Fig. 3. 
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STUDIES in INDIAN TOBACCOS. 
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Imperial Economic Botanist. 

I. INTRODUCTION. 

The chief direction in which the tobaccos of North-East 
India can be improved is in the introduction of superior quality. 
Many of the varieties at present grown give large yields and are, 
in consequence, very profitable, but the cured leaf produced 
from them is, as a rule, of very poor quality and is coarse, 
deficient in texture, flavour and aroma. For this reason it can be 
used for Indian consumption only, and, consequently, fetches 
a very low price. Improvements in the quality of tobacco 
may be obtained in three ways : (1) by the discovery of new 
methods of cultivation by which healthy growth is promoted 
and a larger yield and a better quality of leaf produced ; (2) by 
the introduction of improved methods of curing; and (3) by 
the growth of superior kinds. Some of the work done at Pusa 
on the cultivation of tobacco has already been published.^’ - 
The investigations on curing are still in progress and it is hoped 
to publish shortly the results obtained. The present paper 
deals entirely mth the third aspect of the question and is a 

Vol II,T^ :^°Ti9K) Department of AgriculHre in India, Bot. ^ 

'S.o-wa.T A AgricuUuralJotirnal of India, Yol. Ill, 1912. 
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continuation of the work already published as Studies in 
Indian Tobaccos, No. 2, The Types of Nicotiana tahacum^ jj.'” 
In that paper an account was given of the work done with regard 
to the study of varietal characters and the isolation of ]>uro 
forms. The stability of the type was discussed and it was shown 
that there is no foundation for the belief, often expressed, 
that the uniformity of type in any particular kind is easily 
disturbed by its introduction into a new locality. If cross- 
poUination be prevented, varieties or types of N. tahaciun 
remain as constant as those of other species of plants. This 
result has recently been confirmed in America by Hasselbring. ‘ 
The methods of pollination were also studied and fifty-one pure 
types were isolated. These types have since been maintained in 
pure culture in the Botanical Area at Pusa and have bred true 
to type from year to year. They form the material with which 
the investigations, now to be described, have been carried out. 

With regard to the improvement of the variety, the 
immediate problem at Pusa is the production of a good cigarette 
tobacco. The chief requirements in a cigarette tobacco for 
growth in Bihar are : — 

1. General robustness and rapidity of growth, both in the 
seedling and later stages of the plant. 

2. A plant of medium height with many leaves and short 
internodes. 

3. Fairly broad leaves with small veins, so that the cigarette 
paper may not be damaged in the process of manufacture. 

4. Yellow colour in the cured leaf. 

5. Good texture in the cured product. 

6. Good flavour. 

The characters in which the local tobaccos are most 
deficient are those of texture and flavour. Several kinds have 
been found possessing a fair colour. 


® Howard & Howard, M&tnoira of tfm DepaHment of AqricuUure in India fBot. 
Scr., Vol. Ill, No. 2, 1910. 

* Hasselbring, Hotom’caZ G'ozeWe, Vol. LIII, No. 2, 1912. 
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Many attempts have been made in the past to introdiiee 
into India the best varieties of cigarette tobacco from America, 
but the results have been disappointing. Tliis is due to several 
causes, some of which are avoidable. In the first case, in- 
sufficient care was taken to prevent cross-pollination, and the 
introduced varieties, by crossing with the indigenous crop, 
deteriorated. In the second place, many of the varieties were 
unsuited to Indian conditions by their habit of growth. The 
practice in America of topping at a high level has favomed the 
growth of taU kinds, which carry their best leaves well above the 
ground, making low or medium topping impossible. This is 
a serious disadvantage in the plains of India, where high winds 
frequently occur and damage tall varieties or those with thin 
leaves. Another defect was noticed in all the American varieties 
tried at Pusa, namely, the slow growth of the seedlings. 
Although sown, at the same time as the indigenous varieties, 
transplanting could only be carried out a fortnight or ten days 
later in the case of the American kinds, and there was a corres- 
ponding lag all through the growth period. This is a very great 
disadvantage in Bihar, where one of the secrets of success in 
tobacco-growing lies in the maximum utilization of the growth 
period from October to mid December. During this period, the 
temperature is still high enough for rapid growth to take place 
and the soil still contains plenty of moisture. After the 
middle of December, when the temperature falls, growth is much 
less rapid, and the plant should then be nearing maturity and 
be ready to be cured about the end of J anuary, in order to avoid 
the dry hot winds which do so much damage during the latter 
process. A crop, which through lack of food materials or 
through the lateness of the variety makes little growth during 
October and November, remains more or less stationery during 
December and January and begins to grow again as the temper- 
ature rises in February. Such plants seldom attain any great 
size, and very frequently do not ripen evenly. The difficulty 
in curing the product during the period of the hot west winds is 
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an additional disadvantage. Owing to lateness and want of 
robustness, tbe yield of the American varieties is far below that 
of the coarse local kinds and this would be fatal to their 
successful introduction. 

The chances of improving the quality of Indian tobacco 
by the introduction of a new variety from America are thei’efore 
not great. It will be necessary to build up, by hybridization, 
new lands of tobacco, suited to Indian conditions of growth, 
which possess in addition the qualities necessary to obtain a 
better price. Fortunately, the introduced American kinds, 
although they lose their colour by the native method of curing, 
nevertheless maintain their good texture and flavour, the chief 
points in which the Indian tobaccos are deficient. Thus by 
combining these desirable qualities with those of an indigenous 
tobacco, which is robust and possesses a suitable habit of 
groW'tb, a very great improvement might be effected. Un- 
fortunately, however, although tobacco is grown over so large 
a portion of the world, very little work has been done on the 
hybridization of tins crop and little is known as to the 
inheritance of the various characters which are of economic 
importance. As in hybridization lies the greatest chance of 
producing a permanent improvement in the tobacco grown in 
the plainvS, and as it is possible to obtain at Pusa all the facilities 
necessary for such an enquiry, it was decided to take up the 
question and to make a thorough investigation, of inheritance in 
this crop, beginning with those morphological charao teas which 
are of economic importance, namely, those concerning the 
habit of the plant and the leaf. The subject has proved to be 
far more complicated than was at first supposed, and the present 
paper must be considered to be a preliminary one only. It will 
probably take some years to obtain a complete knowledge of tJio 
subject. 

Besides its economic importance, there is another poiiit 
of great interest involved in the genetics of N, tahacwm. Most 
of the characters are concerned with the size of organs, and the 



INTRODUCTION. 


29 


inheritance of these can only be determined by quantitative 
means. The importance of a thorough study of the inheritance 
of characters, which can be accurately measured, instead of 
depending on observation alone, has been pointed out by many 
writers.^' ^ Until recently, most of the investigations on inheri- 
tance, undertaken from the Mendelian standpoint, have dealt 
with characters of a qualitative nature, that is, they have 
dealt with characters which depend on the presence or absence 
of a particular attribute, such as colour, hairs or awns. Forms in 
which these attributes are absent occur and can be used as 
analysers, and the observations are restricted to a detection of 
the presence of the character involved. By a judicious use of the 
analysers and a careful analysis of the progeny, it is generallj^ 
possible by observation alone to determine the principles under- 
lying the inheritance. Characters connected with the size of 
organs present more difficulty. In the first place, no absence of 
the character is possible and no analysers exist. Take, for 
instance, the height of a plant or the length of a leaf, a plant 
without height or a leaf without length is inconceivable. Thus 
in such characters we are dealing with difference in degree only ; 
observation is insufficient and measurement must be employed. 
In the second place, such characters are generally very sensitive 
to changes in environment and show marked fluctuating 
variability. Such fluctuating variability may be inherent in 
the pilant, or may be directly due to the influence of the environ- 
ment on the character under consideration, or indirectly to the 
effect of the environment on the general vigour of the plant. 
Should the changes due to fluctuating variability be greater or 
almost as great as the differences in the characters under investi- 
gation, they may obscure or entirely mask the effects of inheri- 
tance. East® was one of the first to point out that so-called 


'^lL:a,xmxies.,ReciieildesTravauxBotani(ivesN6erlandms,Yo\.'S[ni,\\i\2. 

“ Nilsson-Ehle, Kreiizungsuntersuchungen an Hajer und Wcizen, Lund, 1909, 
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continuous variation was capable of a Mendelian interpretation. 
Tlie whole subject of the inheritance of characters with fiuctu-' 
ating variability has been very ably dealt witli recently by both 
Tamines^ and Nilsson-Ehle.^ The latter was the first to show 
that characters, which to the eye appear similar, may i u rea, lity 
be due to different genes which are inherited independently. 
The red colour of the pericarp of some wheats is composed of 
three factors, each of which Avill independently produce a red 
colour, although less intense in tone than that due to the com- 
bination. Recent work everywhere endorses the complicated 
nature of most characters and has resulted in a large increase 
in the number of factors recognised, Avhile at the same time the 
visible effect due to each factor appears smaller. In the ])aper 
quoted above, Nilsson-Ehle discusses fully the question of 
fluctuating variability and variation in general, and points out 
that fluctuating variability may only exist as an effect of 
environmental influence. If the number of factors n is largo, the 
number of homozygotic combinations possible will be much 
larger, ^.e., 2' and the differences between these combina- 
tions will be smaller than the differences between the factors 
themselves. If the heterozygotic forms are intermediate in 
between the homozygotic combinations, we may obtain a 
continuous series in the Fo generation and as the combinations of 
values occur most frequently, the form of the curve, 
obtained in a graphic representation of the F;.; generation, will 
that of an ordinary frequency curve. The hetero- 
combinations, which occur at different points on this 
will in the Fg and succeeding generations give a progeny 
varies within much smaller limits than those of tlie Fj,. 
ig a large number of snuill factors, this is sufficient to 
all variation which is not induced by environment, 
which exhibits small fluctuations in any one cliaracter 
heterozygotic as regards that character and it should be 
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theoretically possible to extract different types which breed 
true from it. In practice, however, errors of measurement and 
observation or environmental influence may be too great for such 
tj^pes and their heterozj^'gotes to be distinguished. From these 
considerations as well as the experimental evidence of his own 
researches, Nilsson-Ehle concludes that there is no inherent 
difference in the mode of inheritance between quantitative and 
qualitative characters and that all variations may be placed 
in two groups : — ~ 

1. Variations which are inherited. 

2. Variations which are not inherited and which are prob- 
ably entirely due to changes in the environment. 

It is obvious that the larger the number of factors in. 
which the parents differ and the greater the effect of environ- 
ment, the more difficult it becomes to separate the factors or to 
determine the exact mode of inheritance. If we consider the 
case of two parents, which differ from one another in three 
factors, there will be in the Fg generation eight homozygotic 
combinations and nineteen heterozygotic, which, in general, 
will lie between the homozygotic forms. Thus we obtain a series 
containing twenty-seven stages between the two parent forms. 
If the original difference between the parents is not very large, 
these forms will lie very close to one another. If, in addition, 
environmental differences supervene, the limits of variation of 
one form will very soon overlap those of the next or even of 
several others, in fact, in many cases, the limits of the two 
parents themselves overlap. 

Taking these facts into consideration, it is not surprising 
that up to the present in no case has the inheritance of the size 
of an organ been entirely elucidated and the various factors 
determined. All that has been possible has been to show that 
segregation undoubtedly occurs and that the facts are in accor- 
dance with the Mendelian interpretation and with the existence 
of many factors, all capable of being inherited independently. 
In the investigations described in this paper itj^^agrbigenr-pe^s^^^ 
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not only to show segregation in many of the characters, but also 
to isolate forms resembling the parents as 'well as some new 
constant forms differing from either parent. 

The most thorough examination of the inheritance of 
characters connected with the size of organs are the investiga- 
tions of Tammes^ on the length and breadtli of the seed and 
the length and breadth of the petal in Linum. The size of the 
seed was found to be practically unaffected by the environment 
and therefore formed very suitable material for such work. The 
limits of variation and the co-efficient of variability were care- 
fully determined for each parent. It was found that while the Fj 
generation was intermediate bet'ween the parents, the second 
generation could not be separated into groups, but formed a 
continuous series, and that, in man}?' cases, no individuals coidd 
be found which resembled the parents. In the F^ generation 
no individuals breeding true or resembling either parent could 
be found but the limits of variation were smaller than in the 
F 2 and differed in each case, the combined variation ooveiring the 
limit of variation of the generation. These results point to 
the existence of several factors with segregation. Tiie various 
intermediate heterozj^gotic forms v-ould naturally contain fewer 
heterozygotes than the Fi generation, and would tlierefore vary 
within smaller limits. 

East and Hayes, ^ in 1911, published similar results on size 
characters in maize, such as height of the plant, length of cobs, 
weight and size of seeds, but in most cases the investigations 
were not taken beyond the second generation. 

Three investigations on the characters connected with the 
size of the organs in tobacco have been published, but in no case 
have the investigations been carried beyond the second gener- 
ation. Lock,'^ in 1909, published a preliminary note of some 
species crosses in the genus Nicoticma, the characters considered 

W- TanmiRs/ 
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being tlie colour, shape and size of the corolla. As the investiga- 
tion is complicated by the fact that species crosses were 
employed mth consequent sterility and as it is admittedly only 
a preliminary account with very few data, it need not be further 
considered here. 

A much more important paper dealing with N. tabacum only 
was published by Hayes^ in 1912. The correlation and inheri” 
tance of various characters such as the height of the plant, 
number of leaves, average area of the leaves, average width and 
average length of the leaves, were investigated in hybrids 
between various pure types of American tobacco. Full details 
are given of the measurements, but in no case have the cultures 
been carried beyond the second generation. It Avas found 
that the variability in the Fj generation and the parents was 
similar but much greater in the Fg generation. These results 
are most easily explained by the presence of a large number of 
small factors vdth segregation. As regards the correlation 
- between these characters, the co-efficient in all cases was found 
to be less than +. 5, except in the case of the length and AAudth of 
the leaf, where a distinct plus correlation Avas found. The 
conclusions, as regards the indiAudual characters, -will be con- 
sidered in more detail in the separate sections dealing Avith each 
character in Chapter IV, but it may be remarked here that 
although the results are undoubtedly valuable, many of the 
measurements are taken in what appears to be a someAvhat 
arbitrary manner. For example, the number of leaves counted 
is not the total number of leaves borne on the main stem of the 
plant, but the number of leaves which occur betAveen the fifth 
leaf from the ground and the last leaf on a topped plant, this 
representing the total number of leaves generally harvested. 
Such numbers have an economic but no physiological meaning. 
Similarly the height is measured to the last leaf counted, not 
to the end of the main axis of the plant. As the habit of growth 
of the American types used is very similar, discrei)ancies due 


^ Hayes, Bulletin 171, Oonnectieui AgriouUural Experiment Station, 1912. 
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to this method of measurement are not so great as they would 
he in the ease of many Indian tobaccos (see Plates I and II). 
Nevertheless these arbitrarily chosen points cannot give the 
expression of the true physiological activity of the plant as 
regards height and number of leaves. 

A third paper on the inheritance of quantitative characters 
in Nicotiana is that published by Goodspeed.^ In the first part 
of these investigations a comparison is made between the weight 
of the seeds obtained by hybridization and the plants produced 
from these seeds. N. tahacwn var. 'tTtacrophylla, a variety with, 
heavy seed, and N. tahacum var. virginica, a variety with light 
seed, were employed as parents. The seeds of the Fj generation 
were divided into three groups, heavy, light and medium, and it 
is stated that in the plants raised from the heavy seeds the 
greater number of individuals resembled, var. rriacrophylla, 
wdiilein the culture raised from the light seeds the greater number 
resembled var. virginica. The three classes of seeds showed 
a difference in gernfinating power which was largely influenced 
by time. The conclusion is therefore drawn that very variable 
results may be obtained in the Fg generation which are due 
merely to the differential germinating powder of the various 
heterozygotic and homozygotic combinations. The experi- 
mental data on which these conclusions are based can, however, 
only be regarded as most unsatisfactory. In the first place, 
considering the number of characters and the probably infinitely 
larger number of factors involved in the difference between two 
varieties of tobacco, it would be practically impossible to divide 
the Fa generation into three well-defined groups and any such 
division which might be attempted wnuld have no significance. 
In the second place the original division of the hybrid seed 
into three groups is open to question for the same reason. The 
difference betw^een these seeds probably depends on several 
factors, and to these must be added environmental effects du<^ to 
nutrition and pollination. Very little meaning can be attaciuMl 

1 Ooocispeed, University of California, FiiMkalions in Botany, Vf)l. V, No. 2, li)I2. 
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to results m which so many approximations have to be made 
In the second part of the paper, an investigation into the in- 
heritance of the length of the corolla in three varieties of V 
acmmnata is described and the author states that, although tMs 
character shows very small fluctuations in the parents, the 
variation in the F, is very great and covers the whole difference 
between the two parents. The details of the generation 

have not yet been published. 

The only other investigations on hybridization in the genus 
Mcotmm, which are known to me, are those by Jensen' and 
Todewijks. “ Hybridization experiments were started by Jensen 
m 1906 and the crosses investigated in most detail were those 
between Peru, a variety with a petiolate leaf, and Wliite 
urley, Peru and Maryland smoking. The intermediate nature 
ol the F, and the. great complexity of the F, generation, uith a 
total absence of the parent forms was emphasized. The most 
interesting point is the appearance of new characters in the 
oflsprmg which were not present in either parent. 


- ZeitschriJifnrinduUiveAb^ VererbungsUhre, Bd. V, 1911. 



II. THE METHODS OF RAISING THE EXPERIMEM’AL 
PLANTS. 


The methods employed at Piisa in raising the experi. mental 
plants have already been fully described^ in a previous paper, 
and it will only be necessary briefly to recapitulate them. In 
experimental work on tobacco, the two most iinportant points 
are: (1) to raise the seedlings without contamination, and (2) 
to eliminate, as far as possible, all differences due to environ- 
mental influences. 

The seeds of the tobacco are so small that they are very 
easily carried from one culture to another by wind, rain, eartl)- 
worms, or by the hands of the -workmen. The seed is brown and 
indistinguishable from the soil, and retains its vitality, even 
under adverse conditions, for several years. The practice 
adopted at Pusa is to raise the seedlings in large shallow boxes, 
every precaution is taken to collect the earth and leaf- 
mould from places where contamination by stray tobacco seed 
The boxes are made up about six wneks before 
moist, so as to cause any stray seeds to germinate. 
(1908 to 1912) no tobacco seedlings have been found in the 
to sowing. The boxes are soAvn, one at a time, 
sower has to wash his hands before sownng another box. 
After sowing each box it is immediately removed into the shade 
the seedlings appear. They are then enclosed in a wire 
fence to keep off animals, and are placed so far apart 
the earth from one box cannot be splashed on to an adjaeent 
one by the sudden tropical storms which sometimes occur 
at this season. Precautions are taken during the process of 
thinning to prevent admixture and this operation is only 
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carried out under personal supervision. Tlie boys who do the work 
have to wash their hands after finishing each box, as otherwise 
a few ungerminated seeds might be carried to other cultures. 
After transplanting, the soil in the boxes is thrown away and 
the boxes washed. These precautions have proved successful 
and in no case has any mixture of the cultures been discovered. 

The elimination or rather the reduction of the differences 
due to environmental influence is much more difficult, Tliere is 
perhaps no plant which is so sensitive to changes in soil, climate 
and external conditions generally as the tobacco. The shortness 
of the growth period, the large amount of material in the form of 
leaves and stem formed in a short time are probably the reasons 
why any check or stimulus has so great an effect. Moreover, 
the tobacco plant appears to have an infinite capacity to adapt 
itself to conditions, the same pure type giving rise to plants 
1-|- feet or 8 to 10 feet high according to the cultivation. Even 
in very adverse circumstances the plant goes through its com- 
plete cycle and forms seed. Apart from such extremes, a very 
small difference in cultivation is sufficient to induce a very 
marked change and to raise a field of plants uniform enough 
for accurate measurement is not easy. Nevertheless, in all 
plant-breeding experiments, the absolute necessity of normal 
and well-grown plants cannot be emphasized too strongly. 
The differences induced in tobacco plants apart from 
size are almost incredible. The general effect of un- 
favourable environment on N. tdbacum is to wipe out all 
differences and to make the plants appear uniform. The 
differences between the various types in leaf shape and leaf 
surface, which are small, almost disappear in under-developed 
plants. Unless the plants are weU groivn, it w'ould be very 
easy to be misled in observations on such characters as the 
undulations of the leaf surface. The numbers would probably 
show far too great a proportion of fiat leaves. 

Owing to the large amount of experimental work carried on 
in the Botanical Area at Pusa, special care has been taken to 
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render the land as uniform as possible. The plots are all small, 
carefully levelled and are well drained and cultivated, and tor 
most crops they present an ideal experimental basis. In the 
present investigations, a certain amount of troubk^ has lieim 
experienced even on these experimental plots. Slight local un- 
evenness of the ground due to ploughing, a difference in the sub- 
soil drainage, and the proximity of a hedge have all liad an 
effect. It is needless to say that all cultures which could 
possibly have been affected have been rejected. The cultiu'es 
which have to be directly compared are grown on the same 
plot in lines and the two parent types are grown at both ends 
of the plot, and also in the centre. In this way, should theux'. l)e 
any slight change in the conditions from one side of tlu^ plot to 
the other, it would be indicated by the range in varial-ion of the 
parent forms. The impossibility of obtaining a large piiuu' of 
land with uniform drainage and soil must always limil, the 
number of cultures grown, even if the amount of work eni.uiled 
did not do so. One other important point must be mentioned, 
namely, the time of transplanting. If many plants die after tlie 
first transplanting and have to be reset, the replaced plants, 
even though only a week later in planting, always remain btdiind 
the earlier ones. By adopting a system of furrow irrigation, 
and using great care, in removing the seedlings from the imrseiy 
boxes, the loss in transplanting in the experimental cultiu’es 
has been reduced to a minimum. Only one re])Iacmnent is 
carried out two or three days after the first transplanting. 
Should others die, their places remain blank, but the system of 
transplanting adopted has proved so successful that the number 
of such blanks is very small indeed ; the number of deaths before 
the first replacement is generally not more than one per cent. 

The methods of crossing and raising the self-pollinated seed 
are those in ordinary use, and need not be specially mentioned. 
Full details have been given in a former paper. The only point 


^ Howard and Howard, /.c- 
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wliicli calls for comment is the limitation imposed on the 
number of possible observations by the labour connected vith 
the raising of all the seed under bag. Many of the types will 
not set good seed unless they are selfed, and the time taken in 
carrying out all the details connected with this and the bagging 
of a large number of plants is considerable. The raising of the 
seed and the observations on the leaves have to be carried out 
during the same period, between the formation of the first 
flowers and the partial destruction of the leaves by death or 
the ordinary chances of breakage. This in Bihar is a very short 
period, and even by devoting the whole day to the work the 
number of observations which can be carried out in the time 
falls far short of those desired. 


m. THE OCCURRENCE OF PARTH ENOC EN ES i S. 


The question of parthenogenesis in N. tabacum, was taiu^n 
up in consequence of a paper published in the Mendel JoiirnaV 
In this communication the author stated, that she had been abJe 
to obtain parthenogenetic seed with the greatest case in the case 
of N. sylvestris, N. tabacum, N, suavolem, N. sandera, a,nd 
hybrids from these. In some cases only the anthers were 
removed, but in others both anthers and stigma., wiiilo the 
ordinary precautions of sterilizing the instruments and enclosing 
the flowers in wax-paper bags seem to have been scrn])ulously 
observed. Success did not attend all the experiments, but 
“ parthenogenesis was discovered in ten species, varieties a,nd 
hybrids of Nicotiana on chosing the right period for trial, i.e., 
when the plant is beginning to go off its fullest bloom. In the 
tabaciims success was unfailing.” East- also mentions the 
possible production of apogamous seed. “ In crossing species 
of the genus Nicotiana I have had plants develop from seed 
that have apparently been formed apogamously, that is, formed 
from an immature egg-cell without fertilization. It is evident 
that this is induced by the extraordinary irritation of foreign 
pollen.” 

Experiments were undertaken both in 1910 and 1911 to 
determine whether, under the conditions obtaining in Pusa, 
A. tabacum will set seed without pollination. It had already 
been observed that castrated flowers prepared for hybridization, 
which owing to pressure of work or other reasons had not been 
pollinated, invariably dropped without setting any seed. In 
order to obtain more definite information on this ])oint, a large 

. ’■ Haig Thomas, F/ic MendeZ JowrnaZ, No, 
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number of flowers on two individuals in nearly all the fifty-one 
types of Indian tobaccos, and also in some Fi hybrids, were 
castrated. About fifty to one hundred flowers were prei^ared. 
on each plant under every possible condition. In some the 
anthers were removed, in others, both anthers and stigma. 
The plants used included types which self -fertilize with great ease 
and those which vdll set hardly any seed unless selfed, as it was 
thought that the latter would be the most likely to produce 
parthenogenetic seed. Plants were chosen at all periods of their 
growth — when in full seed formation, when full of capsules and 
going ofi their bloom, and when very nearly over. In most cases 
the plants were heavily pruned, all capsules, flowers and buds 
other than the castrated ones being removed (such heavy 
pruning ordinarily induces rapid seed formation), others were 
lightly pruned. The same methods were adopted in 1911, but 
here the number of kinds employed was smaller, only those used 
as parents in the hybridization experiments were tested again, 
namely, Types 9, 51, 16, 36, 23 and 38. The castrated flowers 
were enclosed in parchment bags and these were taken off 
at frequent intervals in order that any newly-formed buds 
might be removed. In the earlier experiments the bags were 
not applied after the corollas had withered, but in the later 
experiments bags with perforations were placed over some of the 
branches. A great difference was found between the capsules 
formed from the castrated flowers and those formed by ordinary 
pollination. In the latter case the capsule swells quickly and 
remains firmly attached to the plant. No difficulty is 
experienced in removing or replacing bags, and the peduncle 
would have to be broken before the capsule could be removed. 
This is always the case, whether the flower be self- or cross- 
pollinated. The capsules of the castrated flowers, on the other 
hand, although they also became swollen at first and simulated 
the fertilized ones, were very easily detached from the plant. It 
was exceedingly difficult to remove the bags, which finally had to 
be cut away carefully. The capsules thus exposed to the air were 




III. THE OCCURRENCE OF PARTRENOGENEH IS. 


The question of parthenogenesis in N. tabacum was taken 
up in consequence of a paper published in the Mmclel Journal^ 
In this communication the author stated that she had been able 
to obtain parthenogenetie seed with the greatest ease in the case 
of N. sylvestris, N. tabacum^ N. stmvolens, N. myulera, and 
hybrids from these. In some cases only the anthers were 
removed, but in others both anthers and stigma, while tlie 
ordinary precautions of sterilizing the instruments and enclosing 
the flowers in wax-paper bags seem to have been scrupulously 
observed. Success did not attend all the experiments, but 
parthenogenesis was discovered in ten sjreoies, varieties and 
hybrids of Nicotiana on chosing the right period for trial, he., 
when the plant is beginning to go off its fullest bloom. In the 
tabacums success was unfailing.” East^ also mentions the 
possible production of apogamous seed. “ In crossing species 
of the genus Nicotiana I have had plants develop from seed 
that have appareiitly been formed apogamously, that is, formed 
from an immature egg-cell without fertilization. It is evident 
that this is induced by the extraordinary irritation of foreign 
pollen.” 

Experiments were undertaken both in 1910 and 1911 to 
determine whether, under the conditions obtaining in Pusa, 
N. tabaciim will set seed without pollination. It had already 
been observed that castrated flowers prepared for hybridization, 
which owing to pressure of work or other reasons had not been 
pollinated, invariably dropped without setting any seed. In 
order to obtain more definite information on this ])oint, a large 

^ Haig Thomas, The Mendel Jourmil, No. 1, lOOi). 
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number of flowers on two individuals in nearly all the fifty-one 
tj^pes of Indian tobaccos, and also in some Fj hybrids, were 
castrated. About fifty to one hundred flowers were prepared 
on each plant under every possible condition. In some the 
anthers were removed, in others, both anthers and stigma. 
The plants used included types which self -fertilize with great ease 
and those which will set hardly any seed unless selfed, as it was 
thought that the latter would be the most likely to iDroduce 
parthenogenetic seed. Plants were chosen at all periods of their 
growth — when in full seed formation, when full of capsules and 
going off their bloom, and when very nearly over. In most cases 
the plants were heavily pruned, all capsules, flowers and buds 
other than the castrated ones being removed (such heavy 
pruning ordinarily induces rapid seed formation), others were 
lightly pruned. The same methods were adopted in 1911, but 
here the number of kinds employed was smaller, only those used 
as parents in the hybridization experiments were tested again, 
namely, Types 9, 51, 16, 35, 23 and 38. The castrated flowers 
were enclosed in parchment bags and these were taken off 
at frequent intervals in order that any newly-formed buds 
might be removed. In the earlier experiments the bags were 
not applied after the corollas had mthered, but in the later 
experiments bags with perforations were placed over some of the 
branches. A great difference was found between the capsules 
formed from the castrated flowers and those formed by ordinary 
pollination. In the latter case the capsule swells quickly and 
remains firmly attached to the plant. No difficulty is 
experienced in removing or replacing bags, and the peduncle 
would have to be broken before the capsule could be removed. 
This is always the case, whether the flower be self- or cross- 
pollinated. The capsules of the castrated flowers, on the other 
hand, although they also became swollen at first and simulated 
the fertilized ones, were very easily detached from the plant. It 
was exceedingly difficult to remove the bags, wliich finally had to 
be cut away carefully. The capsules thus exposed to the air were 
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THE OCCURRENCE OF PARTHENOGENESIS. 


The question of parthenogenesis in N. tabacum was ta.ken 
up in consequence of a paper published in the Me7ulel JowniaU 
In this communication the author stated that she had been able 
to obtain parthenogenetic seed with the greatest ease in tlie case 
of N. sylvestris, N. tahacu^n, N, suavolem, N. miukra, and 
hybrids from these. In some cases only the anthers wove 
removed, but in others both anthers and stigma, while tlie 
ordinary precautions of sterilising the instruments and enclosing 
the flowers in wax-paper bags seem to have been scrujuilouslv 
observed. Success did not attend all the experiments, biit 
parthenogenesis was discovered in ten species, varieties and 
hybrids of Nicotimia on chosing the right period for trial, v'.c,, 
when the plant is beginning to go off its fullest bloom. In ihe 
tabacums success was unfailing.” East^ also mentions the 
possible production of apogamous seed. ‘‘ In crossing species 
of the genus Nicohana I have had plants develop from seed 
t lat have apparently been formed apogamously, that is, formed 
from an immature egg-cell without fertilization. It is evident 
that this is induced by the extraordinary irritation of foreimi 
pollen.” ^ 

Experiments were undertaken both in 1910 and 1911 to 
determine whether, under the conditions obtaining in' Pusa, 
y mimrni will set seed without pollination. It had already 
been observed that castrated flowers prepared for hybridization 
wluch owing to pressure of work or other reasons had not been 
pollinated, invariably dropped without sotting any seed. In 
order to obtain more definite information on tlii.s point, a large 
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nil niber of flowers on two individuals in nearly all the fifty-one 
i ^ types of Indian tobaccos, and also in some Fj hybrids, were 

castrated. About fifty to one hundred flowers were prepared 
1 on each plant under every possible condition. In some the 

i anthers were removed, in others, both anthers and stigma. 

. The plants used included types which self -fertilize with great ease 

1 and those which will set hardly any seed unless self ed, as it was 

thought that the latter would be the most likely to produce 
parthenogenetic seed. Plants were chosen at all periods of their 
growth — when in full seed formation, when full of capsules and 
going off their bloom, and when very nearly over. In most cases 
the plants were heavily pruned, all capsules, flowers and buds 
other than the castrated ones being removed (such heavy 
pruning ordinarily induces rapid seed formation), others were 
lightly pruned. The same methods were adopted in 1911, but 
^ ^ here the number of kinds employed was smaller, only those used 

as parents in the hybridization experiments were tested again, 
^ ^ namely, Types 9, 51, 16, 35, 23 and 38. The castrated flowers 

^ ^ were enclosed in parchment bags and these were taken ofl 

at frequent intervals in order that any newly-formed buds 
might be removed. In the earlier experiments the bags were 
not applied after the corollas had withered, but in the later 
experiments bags with perforations were placed over some of the 
branches. A great difference was found between the capsules 
formed from the castrated flowers and those formed by ordinary 
pollination. In the latter case the capsule swells quickly and 
remains firmly attached to the plant. No difficulty is 
^ experienced in removing or replacing bags, and the peduncle 

would have to be broken before the capsule could be removed. 

This is always the case, whether the flower be self- or cross- 
f t pollinated. The capsules of the castrated flowers, on the other 

hand, although they also became swollen at first and simulated 
the fertilized ones, were very easily detached from the plant. It 
was exceedingly difficult to remove the bags, which finally had to 
be cut away carefully. The capsules thus exposed to the air were 
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The question of parthenogenesis in N. tahacuni was ta.kcu 
up in consequence of a paper published in the Mendel JtntrnaU 
In this communication the author stated that she had been able 
to obtain parthenogenetic seed with the greatest ease in tJie case 
of N. s'l/lvestris, N, tabacum, N. suavolens, N. sandera, and 
hybrids from these. In some cases only the anthers were 
removed, but in others both anthers and stigma, while the 
ordinar}^ precautions of sterilizing the instruments and enclosing 
the flowers in wax-paper bags seem to have been scruiudonsly 
observed. Success did not attend all the experiments, but 
parthenogenesis was discovered in ten species, varieties and 
hybrids of Nicotiana on chosing the right period for trial, f.c., 
when the jflant is beginning to go olf its fullest bloom. In the 
tabacums success was unfailing.” East^ also mentions the 
possible production of apogamous seed. " In crossing specicis 
0. the genus Nicotiana I have had plants develop from seed 
that have apparently been formed apogamously, that is, formed 
from an immature egg-cell without fertilization. It is evident 
that this IS induced by the extraordinary irritation of foreiern 
pollen.” ® 

Experiments were undertaken both in 1910 and 1911 to 
determine whether, under the conditions obtaining in' Pusa, 
A. tahacim will set seed without pollination. It had already 
been observed that castrated flowers prepared for hybridization 
which owing to pressui-e of work or other reasons had not been 
polhnated, invariably dropped without setting any seed In 
order to obtain more defin ite information on this point, a large 

^ The Popular Scimeo Monthly, ism. 
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, miniber of flowers on two individuals in nearly all the fifty-one 

4 types of Indian tobaccos, and also in some hybrids, were 

castrated. About fifty to one hundred flowers were prepared 
i on each plant under every^ possible condition. In some the 

i anthers were removed, in others, both anthers and stigma, 

j ^ . The plants used included types which self -fertilize with great ease 

and those which will set hardly any seed unless self ed, as it was 
thought that the latter would be the most likely to produce 
parthenogenetic seed. Plants were chosen at all periods of their 
growth — when in full seed formation, when full of capsules and 
going off their bloom, and when very nearly over. In most cases 
the plants were heamly pruned, all capsules, flowers and buds 
other than the castrated ones being removed (such heavy 
pruning ordinarily induces rapid seed formation), others were 
lightly pruned. The same methods were adopted in 1911, but 
^ ^ : here the number of kinds employed was smaller, only those used 

as parents in the hybridization experiments were tested again, 
^ ^ namely, Types 9, 51, 16, 35, 23 and 38. The castrated flowers 

were enclosed in parchment bags and these were taken off 
at frequent intervals in order that any newly-formed buds 
might be removed. In the earlier experiments the bags were 
not applied after the corollas had withered, but in the later 
experiments bags with perforations were placed over some of the 
branches. A great difference was found between the capsules 
" formed from the castrated flowers and those formed by ordinary 

pollination. In the latter case the capsule swells quickly and 
remains firmly attached to the plant. No difficulty is 
experienced in removing or replacing bags, and the peduncle 
would have to be broken before the capsule could be removed. 
This is always the case, whether the flower be self- or cross- 
? t pollinated. The capsules of the castrated flowers, on the other 

hand, although they also became swollen at first and simulated 
the fertilized ones, were very easily detached from the plant. It 
was exceedingly difficult to remove the bags, which finally had to 
be cut away carefully. The capsules thus exposed to the air were 
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easily blown or knocked off. For this reason half of them were 
enclosed in large well-perforated bags as a protection. Some of 
the capsules obtained a fair size, but were not so large as tlio 
normal ones. On examination they were, however, found to ])e 
quite empty, the ovules not having developed. On only three 
plants did seed set in all the thousands of flowers which, had 
been castrated, and the total number of capsules was five. 
In 1910, on a plant of Type 9, about one hundred flowers were 
castrated and one fully formed capsule was found, the seed of 
which germinated and produced plants similar to Type 9. In 
1911, again, on a plant of Type 9, one capsule containing seed 
was found in about one hundred castrated flowers. In this type 
the stamens are so much shorter than the style, that if enclosed 
in a bag the flowers normally set no seed and the majority of the 
capsules drop. It has always been found necessary to self this 
type in order to obtain sufficient pure seed to maintain the 
culture. If the seeds in these two capsules were due to apoganxy, 
this method of seed production must be the exception and not the 
rule. It is of course possible that the two capsules were due to errors 
in castration. The other three capsules were found on one plant of 
another type, but by an accident these were not examined. 
They were large, well-formed capsules, apparently containing 
seed, but unfortunately were destroyed before this fact had been 
definitely ascertained. 

Considering the great number of flowers examined and 
the fact that every stimulus to apoganious seed formation 
had been given to the plants by pruning and capsule removal, 
the results obtained are exceedingly small, even if we assume 
that all five capsules contained parthenogenetically formed 
seed. 

In addition, in all the first generations (nine in number) 
which have been raised at Pusa during the last five years, each 
culture containing about one hundred plants, no individuals 
resembling the mother plant have been detected. The cultures 
have been absolutely uniform and the reciprocals identical. I 
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have no hesitation in saying that under the conditions obtaining 
at Pusa in ordinary hybridization work, parthenogenesis in 
N. is negligible. , 

It is interesting to note that in the details given by Jensen^ 
of an experiment undertaken to test the possibility of wind 
pollination in N. tabacum, no mention is made of the formation 
of apogamous seed. Four plants bearing 119 castrated flowers 
were covered by a net and so placed that the prevailing mnd 
must bring pollen to them. In none of the flowers did any seed 
set. The uniformity of the Fj generation and the identity of 
the reciprocals has also been mentioned by Jensen and by 
Hayes. “ 








IV. THE EXPERIMENTAL RESlJI/rS. 


The material used in tliese investigations Jornied paj't 
of the types, isolated in 1909, which have since been maintained 
in pure culture. Since at the time these experiments were begun 
nothing was known concerning the correlation or interdcjxmdcnce 
of the various characters in tobacco, it was decided to make a 
preliminary survey of the inheritance of practic.ally all. tlu', 
characters which deal with the stem and loaves. This was done 
partly with the object of ascertaining how far tlie inberitatue of 
the individual characters could be studied independently, and 
partly to determine the most suitable methods of investigation. 
It is hoped to follow this preliminary account by a more 
comprehensive study of the more important characters. Tho 
characters which have been considered in the present investi- 
gation are (1) time of flowering, (2) height of stem, (3) arrange- 
ment of the leaves on the stem, (4) length of the decurrent 
portion of the lamina, (5) venation of the leaf, ((5) leaf-shape, 
(7) undulation of the surface and margin of the leaf. 

In all, five crosses have been made, Type 9 x Type 51, 
Type 16 X Type 35, Type 23 x Type 38, Typo 2 x Type 3, and 
Type 2 x Type 51. The first, that between Type 9 
and Type 51, has been carried to the generation, those 
between Type 16 and Tj^pe 35 and Type 23 and Type 38 to the 
Eg generation. Only the Fj generation has so far been raised 
of the other two. It will be seen from the photographs of 
Type 9 and Type 51 (Plates I and II), and from the full 
description of the types reprinted as an appendix to this paper 
(p. 108), that these two forms differ in almost every charactci*, 
from height of plant to the mode of pollination and colour of 
the corolla. 
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In Type 16 and Ty pe 35 (Plates III and IV) we have two 
forms V'hich, wdiile not very different in height or habit, never- 
theless differ markedly in the number of leaves. The main 
object of the cross between these two forms was an investigation 
of the leaf shape. Type 35 has the broadest and Type 16 one 
of the narrowest leaves in all the fifty-one types, while the length 
is nearly the same in both.^ The cross between Type 23 and 
Type 38 (Plates V and VI) was primarily made on account of the 
difference in the number of leaves on plants almost equal in 
height. The average number of leaves in Type 23 is nmeteen 
or twenty, in T37-pe 38 about thirty-five. Types 2 and 3 (Plates 
VII and VIII) are both petiolate forms, but the petioles are 
aiate to a varying degree. In the cross Tj^'pe 2 x Type 51 
(Plates VII and II) a form with a petiolate leaf was crossed with 
a leaf with a broad base. The most striking result of these 
hA^bridizations was the formation of new forms quite outside 
the range of either parent. For instance, in the F 2 generation 
of Type 16 X Type 35, dwarf plants, much shorter than Type 35, 
and tall forms, almost equal in height to Tj^pe 16 and Type 35 
combined, Avere found, and some of these have bred true in the 
Pg generation. Similarly, in the cross Tj^pe 23 x Type 38, 
petiolate forms breeding true were produced, although both 
parents have sessile leaves. Reciprocal crosses Avere ahvays 
made and groAAm side by side both in the F^ and Fo generations. 
In no case could any differences betAveen the crosses and the 
reciprocals be detected. The Fj was intermediate betAveen the 
parents in almost all the characters (Plates IX, X, XI, XII). 

Retails regarding the manner in which the actual measure- 
ments were taken Avill be given in the section on the indiAudual 
characters, but a feAv Avords of explanation may be given here 
on the number of plants used in the experiments. As explained 
in a preAdous chapter (p. 38), the area of uniform land available, 
the labour involved in the raising of the seedlings and the 
transplanting, but more especially the shortness of the period 
during Avhich measurements can be made, limits the amount 
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wliicli can be accomplished. The descriptions of the various 
types of tobacco already published show that the different forms 
of xV. tabacum, can be arranged as regards each character in a 
series, each member differing very slightly from the next (sec 
also Tables VII, XII, XX). This would lead one to expect a 
large number of factors in connection with each, character, and 
in the 'F. generation a long series of intermediates, with the very 
rare occurrence of the parent forms. The chances of directly 
analysing such an Fg generation are small. A very large 
number of individuals would have to be raised in the F, genera- 
tion to obtain any indication of the percentage of idants 
resembling the parents, and, since the range of variation in the 
parents due to external influences is considerable, it would be 
quite impossible to recognise such forms with certainty. This 
being the case, there seems very little point in undertaking 
the labour of raising many thousands of plants in the F^ gener- 
ation. The plan adoiDted has been to grow not less than 1,000 
plants in the Fg generation in order to obtain a fair idea of the 
extent of variation by eye, and then measure as many as possible 
of these, generally 300 to 600. Self-pollinated seed from plants, 
which together cover more or less completely the range of 
variation, was taken and these cultures raised in the h ^ generation. 
In the Fs cultures about 200 plants were grown from each parent, 
and 100 to 200 measured. No choice was exercised in connection 
with the plants measured. Two or three complete lines of the 
culture were taken. The limits of variation in the F ^ generation 
are much smaller. In some cases the cultures apparently bred 
true in some one character. A similar procedure was adopted 
in the F^ generation. 

The number of plants used is small and the investigation 
cannot pretend to be statistic, but the larger the number of plants 
the smaller must be the number of cultures. The number 
employed is sufficient to determine whether the culture is 
uniform or is splitting within narrow limits. The object in 
adopting this procedure is to obtain as many as possible 
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of the intermediate forms pure, as the extraction of the various 
intermediate homozygotic forms appears to be the easiest and 
most conclusive Avay of determining the principles underlying the 
inheritance. The range of variation of the parents was deter- 
mined each year for each character. In 1911, veiy feAV of the 
parent plants Avere sufficiently Avell developed to be measured. 
The cultures Avere transplanted into a field AAdiich had been 
green- manured. OAving to the exceptionally heaAT)^ and pro- 
longed monsoon of that year, the soil conditions Avere not 
faA^ourable to the proper utilization of the green manm:e, and the 
plants only developed Avnll in the high-lying portions of the 
field. The F 2 generation of Type 9 x Type 51 and the crosses of 
this back on to the parents Avere normally developed, but most 
of the parent cultures and the Fj generation of the other four 
crosses AA'^ere very uneAmn. This explains Avhy the measurements 
given for the F^ generation are of a later date than those of the 
Fg. In all these cases the crosses had to be re- made and the 
Avork repeated. Similarly, in 1913, as there were a large number 
of cultures to be groAvn, some of the lines of the parents Avere 
pushed as near the hedge as appeared safe. Unfortunately, 
the influence of the hedge had been under-estimated, and 
although the last line was tAventy feet from the hedge, the plants 
developed very slowly, and were so stunted that they had to be 
rejected. These accidents make the number of measurements 
carried out on the parents smaller than is desirable. 

I. TIME OF FLOWERING. 

The date of opening of the first flower on each plant Avas 
taken as the criterion of this character. All the plants were 
numbered and the cultures Avere examined daily at approxi- 
mately the same time in the morning. The climate of India 
is very Avell adapted for all such iiiAmstigations, as the days are 
almost invariably sunny, and irregularities due to the periods of 
cloud and low temperature consequently negligible. The results 
for the three crosses. Type 9 x Type 51, Type 16 x Type 35 and 
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Type 23 x Type 38, are given in Tables I, II, III. In oixler to 
shorten the tables the data are given in three-day periods. Tire 
date of floAvering of the parents under the same conditions was 
determined each year. 

The most interesting results are those for the cross, Type 9 
X Type 51. The parents vary greatly in time of Howcring. 

The floAvering period of the first generation is intermediate 
betAA'een the two, but nearer that of Type 9, the earlier parent. 

The Ta generation shows a wide range, but the flowering periods 
of the parents is unfortunately not available for this year, 1911. 

It may, hoAve\mr, be noted that the fioAAe.ring period of the 
coA’ered tAAn months, a period greater than that coAmrcd l)y both 
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— 

— 



— 

14 

30 

25 

8 

9 

Fj Type 9 X Type 51 (1912) 




__ 

2 

11 

26 

21 

14 

3 

2' 

' 

F, Type 9 X Type 51 (1912) 












737 

Feb. 8th 

_ 



— 

3 

16 

32 

34 

15 

14 

11 

738 

Feb. 8th 

1 

12 

11 

26 

25 

31 

26 

8 

7 

2 

736 

Feb. 10th 

1 



1 

5 

10 

24 

35 

19 

23 

9 

740 

Feb. 13th 

_ 

, 

. — 

— 

_ 

25 

54 

20 

21 

6 

132 

Feb. 13th 

— 

_ 

— 

_ 

. — 

7 

2S 

32 

22 

18 

694 

Feb. 16th 

— 

— 

— 





5 

14 

12 

26 

21 

167 

Feb. 10th 

— 

1 


2 

2 

11 

24 

14 

9 

14 

Type 9 (1913) 

1912 







13 

8 

2 

3 

Type 51 (1913) 


■ 

__ 

■ 














F 4 Type 9 X Type 51 (1913) 












738—15 

Jan. Sth 

— 

— . 

_ 

1 

6 

12 

19 

32 

30 

26 

738—19 

Jan. 11th 

— 





5 

19 

36 

39 

38 

28 

8 

738—81 

Jan. 15th 

— 

__ 

1 

6 

34 

57 

50 

19 

6 

4 

738—58 

Jan, 16th 


■ — . 

— 

, 


7 

29 

23 

25 

21 

738—96 

Jan. 24th 

— 







1 



10 

10 

IS 

15 

738—76 

Feb. 2nd 



■ 



■ 




2 

5 

15 

18 

694—1 

Jan. 25th 

■. — ■ 









■ __ '■ 


7 

17 

23 

694—103 

Jan. 30th 





__ 



■ 







694—10 

Feb. 3rd 

. 

. 



__ 

' 







694—23 

Feb. 4th 

: . 





■ 








694—38 


— 

— 

~ 

— 

— 

— 

— 


— 

_ 



GABItlELLE L. C. HOWARD. 


49 


parents either in 1912 or 1913. Seven cultures were gromi in 
the generation and here a distinct difference can be seen in the 
limits of variation of the individual cultures. Three, namely 738,736 
and 167, have a period equal in length to both parents combined, 
while 740, 132 and 694 more or less resemble Type 51. Cultures 
representative of each of these groups, namely 738 and 694, were 
chosen for future experiment, and six plants of the former and 
five of the latter were grown in the F 4 . It will be seen that the 
cultures grown from 738 have again segregated. Two, 738-15 
and 738-96, cover approximately the period of the two parents. 
One, 738-81, is distinctly earlier than the early parent, and the 
others vary over different ranges. The culture 694 has, on the 
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Tyi>e 9 X Type 51. 
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_ _ _ 
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7 7 4 3 1 _ — _ III 
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other hand, given rise only to late pianub. ^ 

between the cdtures deriwed from 738 and 694 was most marked 
in the plot. There is a good deal of difference between Uie 
individnal cultures of 694. No. 694-1 has a maximum flowering 
period between the two parents, white 23 and 38 are much la m 
than Type 51, the late parent. It is impossible to say w 
a culture is pure as regards its time of flowering until it as^ een 
proved impossible to produce from it by selection cultures 
differinginthis character, but 738-19 and 738-81 may possibly 
prove constant, as may also some of the cultures of 694 

If we consider the T4 cultures as a whole, we find a very 
distinct separation as regards the flowering period. In addition, 
Avhile one culture has been isolated, winch is slightly earlier 
than the early parent, there are several which are decidedly 
Ifl.tfir than Tvne 51, the late parent. The range of the earliest 


I and III show the same general results for other 
lie separation between the cultures is not so great, 
Ing period of the parents is not very di.fierent in 
The extremes in the are represented in the cross 
Type 35 (Table II) by cultures 27 and 2(.)0, and in 
3 X Type 38 by cultures 104 and 9. In all three 
mts in successive years bear a similar relation to 
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to the nearest centimetre, but in order to reduce the niimher of 
data and to remove accidental inequalities, the heights are given 
in classes differing by five centimetres in Tables IV, V, and 
VI. 

Height is one of the few characters which in the Fj genera- 
tion is not strictly intermediate between the two parents, and 
the results in the five crosses were not the same. The Fi hybrid 
between Type 9 (a dwarf form) and Type 51 (a very tall form) 
was nearly as tall as the taller parent. The actual mean 
measurements were, in 1910, Type 9 — 68 cm., Fj — 140 cm., 
TypeSl — 165 cm., and in 1912, Type 9 — 79.9 cm., F^ — 158.0 cm. 
and Type 51 — 195.4 cm. In the cross Type 16 x Type 35, in 
which the respective heights were. Type 16 — 106.3 cm., 
Fi— 93.7 cm. and Type 35 — 86.6 cm., the height is inter- 
mediate. In the other three crosses the Fj was taller than 
either parent. This increase in height was slight in the case of 
Type 23 x Type 38, but very marked in the other two crosses. 
The actual measurements were Type 2, average height, 155 cm.. 
Type 3, average height, 152 cm., Fj 200 cm., Type 51, 
178 cm., Fi Type 2 x Type 51, 195 cm. It has been suggested, 
in the case of maize, ^ where the Fj is also not strictly inter- 
mediate, that this is due to the increased vigour of the hybrid 
plants. This may be the explanation here, but it is difficult 
to see why this increase should be so much more marked in 
some cases than in others, unless this increase in vigour be 
correlated with the number of factors in which the parents 
differ. 

The Fg generation in the cross Type 9 x Type 51 presented 
no striking features. A continuous series was formed Avithin 
the limits of the parents. 

The Fg generation of the cross between Type 16 and 
Type 35 was absolutely different. These two parents do 
not differ very greatly in height, the average height of 
Type 35 in 1912 was 94.1 cm., with a range of 60 to 
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ilO cm., that of Type 16 , 125.2 cm,, with a range of 110 to 
140 cm. The heights in the F 2 generation varied from 48 cm. 
to 215 cm., and the plot presented an extraordinary mixture 
of dwarf and tall forms. Plate. XIII shows some of the for ms, 
photographed at an equal distance from the camera. A. large 
number of plants were self-poUinated and twelve cultures from - 
these were raised in the Fa generation. These cultures could be 
easily divided by eye into three groups, those in which all the 
plants were short, that is, no taUer than either parent, Nos. 251, 
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Mean height Type 9 — 1912, 79-9 cm . 

Typo 51—1912, 195-4 cm. 

F, Type 9 X Type 51 — 1912, 168 cm. 
F 3 culture 740 — 1912, '195-2 cm. 
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200, 142 and 190 ; those in which all the plants were tall, cultures 
35, 15, 9, 163 ; and cultures in which both short and tall 
plants occurred, hTos. 202, 27, 231 and 8. In the last four 
cultures it was quite easy to separate the tall and short plants by 
eye, and although neither class was uniform, the short and tall 
plants together did not form a perfect series. Among the 
cultures with short plants, two have apparently bred true, 
No. 251 and No. 190. In 1912, No. 251, with a height of 48 cm., 
was the shortest plant in the F 2 generation ; in 1913, this gave 
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rise to a culture wMch appeared absolutely uniform in tlie field. 
The average height of the culture was 50.8 cm., much less than 
that of Type 35, and the limits of variation (35 to 65 cm.) do 
not overlap those of Type 35. The individual heights of the 
plants, if graphical^ represented, give a curve 'which resembles 
greatly the ordinary frequency curve of a uniform culture. 
This fact, combined with the appearance of the culture in the 
field and the small range of its variation, makes it probable that 
251 represents a culture constant as regards height. We have 
thus the formation in the F 3 of a new form much shorter than 
either parent. The factor or combination of factors which 
is represented by this average height of about 50 cm. may be 
present in both parents, or only i^artly in both, but the fact that 
this combination has been isolated shows that the height of 
Type 16 cannot be composed of small factors superposed on those 
possessed by Type 35. Even if we suppose that the combination 
of factors denoted by a height of 50 cm. is common to both 
parents, all the factors which go to form the excess of height 
over 50 cm. in Tj^'pe 35 and Type 16 must be difierent. This 
gives the explanation of the very tall plants in the Eo and F;j 
generations. Since so large a proportion of the height in the 
parents is due to different gametes, the combined effect of such 
gametes would be additive. 

There is no definite evidence as to the number of the 
factors involved, but from the appearance of some of 
the E 3 cultures they would seem to be few in number. 
Culture 190 is also probably uniform and a reproduction of 
Type 16, the mean height in the one case being 102.1 cm., in the 
other 106.3 cm. The range of variation is greater, but this 
may be due to the larger number of plants measured. From 
their appearance in the field and the curves given by their height 
it is probable that the cultures 142 and 200 are not uniform, 
but represent heterozygotes between two nearly allied combina- 
tions. After 251, the most interesting culture is 202. Here 
'^^e ha\e a distinct break between the tall and the short plants. 
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and the tall plants form exactly one quarter of the whole. The 
large range of variation in the taU forms^indicates that the ratio 
is not a simple 3:1. Cultures 27 and 231 show a similar 
result, an accumulation below 95 cm., a total break, or very 
few plants about 100 and a rise beyond this. These three 
cultures were derived from three Fg plants of very similar height, 
83, 88 and 90 cm. The curve formed by combining these 
cultures is shown in Plate XIV. Culture 8 is very similar to 
these throe cultures, but the curve api3ears to be shifted to a 
higher value. The cultures 9, 35 and 163 are all similar 
and seem to point to at least two homozygotic combinations at 
about 120 and 170 to 180 cms., with possible intermediates. 
The combined curves from these three cultures is given in 
Plate XIV ; the individual cultures all agree with this. A 
large number of plants have been self-pollinated and the Fi 
should give sufficient uniform cultures to identify all the factors. 
The values obtained in some of the cultures seem somewhat 
high for a rudimentary height of 50cm. common to both parents. 
The fact that in all the cultures grown in the Fg and F^ 
nothing shorter than 50 cm. has been thrown out would pomt 
to nothing smaller than this combination existing in either ; yet 
if this factor or combination be common to both, the mean of the 
highest combination possible can only be (85 — 50)+ (106 — 50) + 50 
cm. The limits of the tallest homozygotic combination 
should also throw light on another interesting point. Since 
every plant must have height, it is reasonable to suppose that all 
types possess a common factor which represents the smallest 
height which the tobacco plant can possess. This, either by the 
superposition of numerous small factors or by combination vdth 
various independent factors, gives the height of the different 
plants. The first supposition of small superposed factors is 
entirely disproved by the cross (Type 16 x Type 35), in which 
plants have been produced almost equivalent to the combined 
height of both parents, showing that the constituents of the 
height of both parents must be almost all different. Should a 
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liomozygotic combination be produced equal or greater than 
the sum of both parents, this may be explained by the 
greater vigour produced by hybridization or by supposing a. 
different rudimentary height in different plants, or that the 
factor giving height exists in all plants but has no definite 
external expression. Both these hypotheses, however, would 
introduce man}?' difficulties. 

The results in the cross Type 9 x Type 51 (Table IV) need 
not be considered in such detail. The range of variation in the 
Fa was not greater than the range of the parents combined. In 
the Fjj generation, the eight cultures showed a great difference 
in the range of variation, but only one appeared to be uniform. 
Culture 740 (Plate XV) resembled the parent. Type 51, in 
every respect, both in the limits of variation and in the average 
height. The average height in the case of 740 was 195.2 cm., 
and the limits of variation 155 to 240 cm. ; in the case of 
51 the average was 195.4 cm. and the range 160 to 
cm. Both cultures were grovm side by side in the 
field and there was no difference in their appearance. A 
resembling one of the parents was therefore isolated 
the F3. The difference in the range of variation in 
Fo' and Fg generations distinctly indicates a segregation, 
as well as the probable occurrence of bomozygotic combinations 
representing heights intermediate between the two parents. 
One such was isolated in the F4 generation (738-58), as well as 
a culture resembling Type 9 (738-96). From their appearance in 
the field, their range of variation and the form of the curve 
obtained by graphic representation, both these cultures appear 
to be homozygotic. The average value of the height in 738-96 
60.1 cm., that of 738-58 is 98.7 cm. The height of culture 
738-96 is probably the same as that of Type 9 (average height 
57.5 cm.) ; the other forms a novum. The remaining cultures 
of 738 are not uniform and contain these two combinations Avith 
possibly an intermediate. The F4 cultures of 694 are also not 
their limits of variation are very different to 
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those of the cultures obtained from 738 and indicate the occur- 
rence of a number of intermediates. This would point to 
factors of small value. From the fact that no plants shorter than 
Type 9 have been found in all the generations, it would appear 
as if Type 51 must contain the factors which go to build up 
the height of Type 9. 

In the cross between Type 23 and Type 38 the matter is 
complicated by the fact that the Fj is taller than either parent. 
The F^ again shows a greater range of variation than the com- 
bined range of the parents and the large number of plants 
shorter than Tj^pe 23, the shortest parent, is especiallj’’ notice- 
able. In the F3 cultures the limits of variation are very difl'erent, 
cf. cultures 204 and 6. The occurrence of plants shorter than 
Type 23 is again marked. No cultures uniform in height have 
yet been obtained from this cross. Distinct segregation is, 
however, apparent, and there are indications that Type 23 and 
Type 38 contain certain factors in common Avhich give a height 
someAvhere about 80-85 cm. and that the other factors involved 
in the height of both parents are different, giving rise by 
combination to plants taller than either parent. 

3. THE NUMBER OF LEAVES PER PLANT. 

This character is somewhat unsatisfactory on account of 
the amount of Amriation in each pure type, in proportion to the 
total variation possible between the types. The smallest number 
of leaves found in any kind is nineteen, the greatest thirty-four. 
Table VII shoAvs the approximate number of leaves in each 
type — the average number of leaves in ten plants. Want 
of time prevented the measurement of a larger number of 
plants. It Avill be seen that CAmry possible number of leaves 
present and all occur with approximately equal frequency. 

The total number of leaves on the main stem was measured 
in the folloAring manner. The plants were uprooted, the large 
roots cut off short, and the base of the plant Aveli washed. It Avas 
then possible to count aU the leaf scars as Avell as the liAung 
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Table VII. 

Average Number of Leaves in the Types of N. tahamm. 
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34 


leaves. EnuiTieration at the base, where the scars are close 
together, is facilitated by marking the point of commencement 
vith a knife, and each subsequent scar by sticking into it the 
point of a lead pencil. Care is necessary not to mistake con- 
tractions in the main root for leaf scars, but with a little practice 
this can be done fairly easily, except in the case of a few types. 
The determination of the last leaf on the axis is more diffi- 
cult. In many types of tobacco, the leaves at the top of the 
stem are carried up the branches they subtend and therefore 
do not appear to be on the main stem. In such cases, however, 
there is generally a faint line running from the leaf down to the 
main stem. The method of enumeration ■ adopted in these 
investigations has an advantage over preAUous methods used in 
that it represents the true physiological activity of the plant 
and not an arbitrary number. 

As regards the effect of environment on the number of leaves, 
no special investigations have been undertaken, but the fact 
that the average value of this character and the range of varia- 
tion in the parent forms is practically constant in different 
years, would indicate that changes in a normal environment have 
little effect. This agrees with the conclusion of Hayes that 
the number of leaves per plant was little affected, unless the 
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conditions were so unfavourable as to greatly stunt or dwarf the 
growth of the plant. It is possible, however, that the length 
of the growth period may have some mfluence. As stated on 
page 38, in 1913 a portion of the parent cultures were grown 
too close to a hedge and developed very slowly in consequence. 
These plants, when they did attain maturity, all had an 
abnormally large number of leaves. Eor instance, Type 51, 
instead of possessing the normal number of twenty-seven to 
thirty-one leaves, had thirty-one to thirty-five leaves, and a 
similar increase was noticeable in Type 35. Moreover, in 1913, a 
late season, the average values of all the parents was about one 
leaf greater than in 1912. Agam, in 1911, another late 
season, the average value of Type 51 agrees with that of 1913. 
In the absence of further evidence this can only be put forward 
tentative]}^ The ordinary fluctuations of season have no 
appreciable effect. The number of leaves i3er plant apart from 
these abnormal individuals appears to be a very definite inherit- 
able character. 

Much attention has been paid, in the course of these 
investigations, to the question of a correlation between the 
the number of leaves and the height of the plant ; but it is quite 
clear that each can be inherited independently of the other. 
Some of the shortest plants have the largest number of leaves. 
Take for instance culture 251 (Tables V and IX) in the Fg genera- 
tion of Type 16 X Type 35. This culture is uniform as regards 
height (av. 50.7 cm.) and uniform as regards leaves (av. 30), 
that is, it has a greater average number of leaves than Type 51, 
of Avhich the mean height is 195.5 cm. Culture 190 of the 
same cross has an average height of 102.1 cm. and the average 
number of leaves is thirty. Such instances might be 
multiplied indefinitely. Cases also occur in Avhich the culture is 
uniform as regards height, but not as regards number of leaves 
per plant (for example, 740 in the Fg, generation of Type 9 x 
Type 51) and vice versa. The fact that, while the height varies 
greatly with the season, the number of leaves rei^iains 
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« 4 i practically constant is further evidence that, within the same 

. type, height and number of leaves are not correlated. This 

( is a somewhat surprising result. It coincides, however, with 
the conclusion of Hayes, that the correlation between height 
I ^ and number of leaves was less than +.5. 

The data as regards this character in the cross Type 9 x Type 
51 are given in Table VIII. The generation was intermediate 
^ between the parents. The Fo generation has a range far outside 

! those of the parents, one of the plants having as many as 

forty leaves. That this is not due to accidental circumstances 
is shown by the reappearance of this phenomenon in one of the 
cultures in the F 4 generation, where the number of leaves varies 
from twenty-eight to forty. The eight cultures of the F 3 
differed greatly in their range of variation ; none were 
uniform. Two of these were continued in the F 4 generation, 
i.e., Nos. 738 and 694. From 738 two cultures were obtained, 
Nos. 738-81 and 738-19, which from their range of variation 
and the form of the curve appear to be uniform. The first 
has an average of nineteen leaves per plant, and a variation 
of seventeen to twenty-two. The latter culture, 738-19, is 
a replica of Type 9 as regards number of leaves. In the culture, 
derived from 694 only one can possibly be uniform. No. 694-1, 
but as the range of variation is somewhat large it may have 
originated from a heterozygote between two forms differing 
in one small factor. In either case it points to the occurrence 
of intermediate homozygotic combinations. Thus in the F 4 
generation there have been isolated a culture {probably uniform) 
with a smaller number of leaves than either parents 
a culture with the same number of leaves as one parent, 
a culture which is either uniform with a number of leaves 
intermediate between both parents or a heterozygote between 
^ two intermediate forms, and a culture in which the majority of 

plants possess more leaves than either parent. 

In the cross between Type 16 and Type 35 (Table IX), 
the Fi is again intermediate, but approaches the parent with 
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the larger number of leaves. The limits of the Fg generation 
are as great as those of the parents combined, but no greater. 
The curve obtained from its graphic representation (Plate XIV) 
points to distinct segregation, as do also the results obtained from 
the F 3 cultures. The following cultures appear to be uniform, 
Xos. 251 and 190, Avith an average number of thirty leaA^es per 
plant, and 202, AActh an aArerage of twenty-six. This is another 
instance of the production of a plant possessing a number of leav^es 
intermediate betAveen those of the parents and breeding true. 

Table X giAms the results in the cross Type 23 x Type 38, 
Avhich are A^ery similar to those in Table IX. The Fi generation 
again approaches the parent AAuth the greatest number of leaA^es. 
Distinct segregation occurs in the F 3 , but no cultures breeding 
true AAnre found. 

As regards the principles underlying the inheritance of the 
number of leaA’-es per plant, there seems no doubt that this 
is^ a definite inheritable character, and that on hybridization 
segregation occurs AAuth the formation of new homozygotic 
combinations. In dealing Avith the mode of inheritance we are 
confronted AAnth the same difficulty as in the case of the height, 
namely, the impossibility of a plant without leaves. Hayes 
supposes a basal condition of x leaves which occurs in all tobacco 
plants with a number of small interchangeable factors, each of 
AAdiich may represent two leaves. Thus the .same number of 
leaves per plant may in reality have been caused by different 
combinations of characters, i.e., twenty-tAvo leaves may be 
X + AAbb or x + BBaa. 

There is nothing in the results obtained in these investi- 
gations to contradict this hypothesis of a basal number of leaves 
combined Avith interchangeable factors. The results in the 
cross Type 9 x Type 51 appear to be a direct confirmation. But 
the form of the curves obtained m the Fg generations point 
distinctly to the occurrence of factors of different values. If all 
the factors AA^ere more or less equal in value the form of the curve 
AA'OLild be more uniform, and would not show such distinct modes. 
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4., THE ARRANGEMENT OF THE LEAVES ON 
THE STEM. 

Besides the height and the number of leaves, the habit of 
growth of a tobacco plant depends on the arrangement of the 
leaves on the stem and on the inclination of the leaves, i.e., on 
their tendency to assume an upright or a drooping position. An 
economically profitable plant for India should possess a large 
number of upright leaves on a stem of medium height, the 
majority of the leaves being borne towards the base of the stem. 
The inheritance of the height of stem and of the number of leaves 
has been dealt with in sections 2 and 3. No definite results can 
be given as to the position of the leaves, but in cross Type 16 x 
Type 35, in which a form with drooping leaves was crossed with 
one in which the leaves are upright, distinct segregation with 
the formation of intermediates was observed. Similarly in 
culture 694-23 (Plate XVI) the upright character of the leaves 
of Type 51 was reproduced. 

The results concerning the mode of inheritance of the 
arrangement of the leaves are hot very complete, but some 
interesting observations were made. With regard to this 
character, the plants can be divided into three groups : (1) 
those which carry all their significant leaves at the base of 
the stem and in which the leaves consequently lie on the 
ground ; (2) those in which the majority of the significant leaves 
are borne near the base, the rest up the stem, and (3) those in 
which the leaves are borne at equal intervals up the stem. 
This latter condition, which may be termed the ladder type,” 
is weU seen in Type. 51 and its offspring, No. 740 (Plate XV). 
This particular arrangement does not depend on the number of 
leaves or on the height of the plant. Short and tall plants alike 
are found of this type. Type 16 is an example of a short plant, 
with equal short internodes ; culture No. 740 of one with equal, 
long internodes. In every case ]5lants selected with this 
arrangement of the leaves have bred true as regards this 
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charaGtei;. Tlie F, cultures 190, 35, 15, 163 and 9, of Type 
16 X Type 35 exemplified this. 

The first arrangement in which all the leaves are carried 
at the base of the plant, and of which Type 9 is a good 
example, also does not depend on the number of leaves. In 
the F 4 culture 738-96, which bred true to this arrangement, 
the number of leaves varied from twenty-one to thirty-two, 
and apparently the plant found no difficulty in crowding 
tliese thirty-two leaves at the extreme base. The leaves were 
fairly narrow, otherwise the lower ones would have rajiidly 
died from want of light and air. This rosette arrangement 
has never been met with in a very tall plant. It appears in 
plants of medium height (Plate XVI, 694-103-120), but the leaves 
are not quite so concentrated. The dwarf rosette forms have 
been bred true, but as yet no taller ones. 

The second group, those plants in which the majority of 
the leaves are concentrated at the base, is a very variable one 
and contains a large number of different types which breed 
true. The difference in these types does not depend on the 
height, but appears to be influenced by large differences in the 
number of leaves. The same arrangement with twenty leaves 
and thirty-three leaves must appear dissimilar. The Fi 
generation between Type 9 (rosette) and Type 51 (ladder) 
was of this type. It is interesting to note that in the F;, 
generation besides rosette and ladder types, two different forms 
belonging to the second of the above groups have bred true. 
One with a few leaves at the base but which otherwise 
resembles the ladder type is shown on Plate XVI, 694-38-72. 
Another form with a great concentration of leaves at the base, 
694-23-1, is shown on the same jilate. The latter is an excellent 
type for economic purposes and it is hoped to obtain a useful 
tobacco from it. The fact that this culture, with such a 
profitable habit of growth for economic purposes, has been 
bred from two such useless forms as Type 9 and Type 51 is 
important. 







5. THE INSERTION OF THE LEAVES ON THE STEM. 

Ill N. f abac inn the leaves are amplexicaiil and in many cases 
the lamina is deciirrent. The length of this deciirrent portion 
varies from .5 to 7 or 8 centimetres. Forms with non-decurrent 
leaves arc-i also found. As this is one of the few characteis in A. 
tahacu'ni in which total absence of the character is possible, it 

has been investigated in some detail. 

Particular attention was paid to the possibility of corre- 
lation between this and other characters such as the length 
of the internodes or the configuration of the base of the leaf, 
but as far as can be ascertained there is no relation between this 
character and any other. Table XI shows the lengths of the 
decurrent portion of the lamina of three leaves and the 
lengths of the three corresponding internodes in the Fg culture 
16 from the cross Type 16 x Type 35. It will be seen that there 
in no connection between the length of the internode and the 
length of the decurrent lamina. Two of the plants are figured 
on'^Plate XVII. Shortness of internode appears to have 
no effect in diminishing the length of the decurrent portion. 
Should the internode be shorter than the decurrent lamina, 
the latter simply grows on into the next internode past the 
next leaf (see Plate XVII, 35-3). At the base of the 
plant where the leaves are very concentrated it is true that 
this character cannot obtain its full expression, but there are 
always longer internodes above on which the real length can be 
observed. A limiting case might arise in which the number of 
leaves being very large, the ifiant very short and the decinrent 
portion very long, the latter was always stopped by the lamina 
of the next leaf, but such cases must be exceedingly rare, and 
none have been observed up to the present. 

It also seems possible that the configuration of the leaf base 
might influence this character and that the lamina of a leaf 
with large auricles or a broad base would be more liable to 
grow down the stem. This has, however, not been found to 
be the case. Xo. 159-44, Plate XVII, shows a petioiate leaf 
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13 

n 

u 

3(‘. 

8 

23 

3 


Type 


1..1 
1 .2 
1.3 
1.5 


3 

10 

5 

17 

18 
1 

42 

35 

40 
39 
35 

41 


1.5 

1.5 

1.6 
1.9 
2.0 
2.0 
2.3 
2.5 

2.5 

2.6 
' 2.6 

2.8 

2.9 
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27 
26 
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31 

37 

47 

48 
30 

49 
51 

38 
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3.3 

3.5 

3.6 

3.7 

3.8 

4.1 
4.1 
4.5 
5.4 
6 .0 
6.0 
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Table XIIT gives tlie results obtained in the cross Type 9 
(non-deciiiTent) x Type 51 (vith an average of 6 cm.). The 
Fi was intermediate between the parents and the Fo covered the 
whole range between non-decurrent forms and those like Typo 51. 
Several of the j>lants classed as non-decurrent in the F., hoAve ver, 
gave rise to forms with decurrent laminas later (cultures 738 and 
745). This maybe due to the fact that in the early investigations 
the number of factors involved was not realized and no measure- 
ments of less than .5 centimetres were made. Great differences 
weie observed in the F;} generations, c.f., the cultures 738 and 
132, but none of the cultures proved uniform. In 1912, unfortu- 
nately all plants in which the decurrent portion was shorter 
than 5 mm. were again classed as non-decurrent. Cultures 
738 and 694 were continued to the F^ generation. The results 
obtained from culture 738 will be considered first. Two plants 
which appeared similar to Type 9, were chosen for future 
cultivation, and four plants whose leaves were decurrent to 
varying amounts, 5, 7, 11 and 15 mm. Of the two cultures with 
non-decurrent leaves, one bred true and resembled Type 9. 
The other was a heterozygote. A detailed examination of 
Type 9 shows that occasionally the method of insertion of the 
leaves caused the lamina to be attached to the stem for about 
3 mni. This makes it almost impossible to distinguish pure 
non-decurrent forms from the Fi between non-decurrent leaves 
and those possessing the smallest factor for a decurrent lamina. 
In 1913 most careful measurements of all plants have been 
made especially in those cases where the value was below 
5 mm. Three careful determinations were made in the case 
of all the cultures derived from 738, and the mean of these form 
the data given in Table XTY. The limits, within which the 
splitting takes place, are so small that it is very difficult to obtain 
really reliable information as to the extent and number of the 
factors, but there is no doubt of the difference between the 
cultures. It appears probable that two factors are involved, 
one giving alength of about .5 or .7 cm. ; the other about 1.1 cm., 


Table XTII. 

Length of the Deeurrent Portion of the Lamina. Type 9 x Type 51. 



{){)4-103— 1913 ! 
694- 38—1913 ! 
694- 10—1913 j 
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Table 

Length of the DecuiTent 


Length of the Decin'rent Portion of the Lamina 
in Millimetres. 




mm. 

0 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

F, Tvpfi 9 

< Type 61 746—1912 
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•:Tvpe 61 738— 1912 

Less than 5 

46 — 
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2 

30 
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10 

19 

— 

15 
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7 

8 

11 

18 

14 

15 

8 

7 
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5 

— 

— 

— 

— 

1 

1. 

9 

12 

15 

15 
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7.5 

— — ■ 

— 

2 

1 

12 

22 

28 

15 

7 
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12 

— — 

■ — 

— 

— 

— 

— 

— 

2 

11 
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15 

— — . 

— 

— 

■ — 

— 

— 

- — 

— 

— 

1 


094- 1—1913 

13 

— — , 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Type 23 

1913 


— . — 

— 

— 

— 

. — 

1 

1 

1 

4 

3 

F, Type 23 

X Type 38 165 — 1913 

15 

— — 

— 

— 

— 

— 

— 

— 

1 

1 

6 

Fj Type 'Ki 

X Type 35 190—1913 

1 14 

— — 


— 

— 

— 



6 


12 


or there maybe two factors of .5 and ,7 cm. with a combination 
of 1.2 cm. It will be seen from the graphic representations 
(Plate XIV) that 738-81 with a mode at 1.1 cm. is most probably 
uniform, and culture 15 with a mode at .7 cm. possibly so. The 
number of plants with non-decurrent leaves in culture 738-19 gives 
a ratio, total plants : those with non-decurrent leaves, 15 : 1, which 
would also indicate the existence of two factors. Further 
observations will be made on this point, but on account of the 
small size, the difficulties of measurement and interpretation are 
very great. Culture 694 must be considered next. This cnltur’e 
has never given any plants with non-decurrent leaves. Two 
cultures appear to be uniform, 694-1 with an average length 
of the decurrent portion of 1.8 cm., and 694-23 with an average 
of 4.0 cm. The detailed measurements of the culture 694-1 
are also given in Table XIV, and show by their range that 
this cannot possibly be identical with the combination of factors 
in the culture 738. As the parent plant of 694-23 was the 
plant with the longest and that of 694-1 the plant with the 
shortest decurrent portion in the Fg culture 694, it is probable 
that 4.0 cm. the mean value of 694-23 represents the 
combination of the factor or factors of 694-1 with another or 
others. The existence of at least three or four factors which 
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XIV. 

Portion of the Lamina. 
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20 
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9 
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11 

— 
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- 
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— 

1 
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— 

1 
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combine to make up the length of the clecurrent portion of the 
lamina in Type 51 is therefore probable. 

The results in cross Type 16 x Type 35 (Table XV), are 
also interesting. Here both parents have the same average 
value, and the range of variation in the Fj generation is exactly 
similar to that of the parents. The length in the Fo generation 
varies from .5 cm. to 6.5 cm., far beyond the limits of the 
parents. No plants with non-decurrent leaves Avere found, but 
I, this may have been due to the comparatively small number 
measured. In the third generation there were great differences 
among the cultures, and plants Avith non-decurrent leaves 
occurred in three cultures. The numbers in all these cases 
(cultures 231, 202, 27) point to a 63: 1 ratio and consequently to 
the existence of three factors in these particular cultures. Higher 
values Avere found in the Fa than in these cultures indicating 
the existence of additional factors in the parents. This supposi- 
tion is confirmed by the high values found in the Fg culture 163. 
The large number of factors involved Avould explain the absence 
of plants with non-decurrent leaAms in the Fg. The factors AAliich 
are responsible for the length of the decurrent portion of the 
lamina in Types 16 and 35 respectively would seem to be entirely 
different, even though their external expression is identical. 
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Culture 163 probably represents the combination of all the factors 
in Type 16* and Type 35. The total variation is no greater than 
in Type 51. The average value in this culture is greater than 
the combined average values of Type 16 x Type 35, but this may 
be due to the added vigour due to hybridization. Further 
cultures vhll, it is hoped, put the matter beyond question, and 
any explanation must be tentative until these have been 
examined. Culture 190 is probably uniform with regard to 
this character. 

The cross Type 23 x Type 38 (Table XVI) is similar to that 
between Type 9 and Type 51, except that neither parent has 
non-decurrent leaves. The Fi is intermediate and the range of 
variation in the F 2 generation is the same as that covered by both 
parents. It would seem therefore as if the same combination 
of factors w^as common to both parents with the addition of extra 
factors in one parent. Culture 155 is uniform and like Type 23, 
culture 104 is possibly uniform and like Type 38, but this cannot 
be assumed safely until further cultures are raised, as the 
variability is somewhat great. The parent Type 38 and the 
Fi generation exhibit very great variation in the same plant. 

6. VENATION OF THE LEAVES. 

The characters of the lamina itself wiU now be considered 
and of these the venation has proved to be the most constant 
and easily measured. A few Avords of explanation as regards 
the choice of the material are necessary, and the following 
explanation refers to all measurements on the leaves themselves. 
The leaAms of a tobacco plant are not all of the same kind, the 
lower or ground leaves are very much alike in all the types and 
are not characteristic of tire variety. They are almost invariably 
flat, and have a venation of 60°. This is the case even in Type 9, 
in Avhich the upper lea^ms are twisted by excess of undulation. 
These ground leaves pass by a fairly rapid gradation into tlie 
significant lea^ms, which are typical of the variety, and comprise 
most of the leaves on the plant. The significant leaves increase 
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slowly in size from the base and then diminish at the top of 
the plant, the diminution increasing very rapidly at the end. 
The leaves in the centre of the plant are approximately uniform 
in most of the types. Above the significant leaves come a few 
very small leaves which vary greatly in shape. In some of the 
broad-leaved types, they are small replicas of the large leaves; in 
types with lanceolate leaves they are linear ; while in many cases 
they may be linear even if the significant leaves are not lanceolate. 
In Tables XVII, XVIII, and XIX detailed measurements are 
given of all the leaves on three plants of each of the parents. 
Unfortunately, by the time the plant is mature, the loAver leaves 
have become damaged. The large number of fairly uniform 
leaves in the centre of the plant is, however, evident. Type 9 
(Table XVII and Plate XVIII) is an example of an extreme case 
in which no two leaves are alike. The best material for all 
leaf measurements is undoubtedly to be found in the central 
leaves, which are practically uniform, and all the measurements 
in this paper have been taken on such typical leaves. It is 
impossible to choose any definite leaf (for example, the tenth leaf) 
suitable to all plants owing to the variations in the number of 
leaves per plant, but it is quite easy with practice to pick out the 
middle portion of the plant by eye and to select a typical leaf 
in this position. The tables show that in this region of the 
plant there are a large number of leaves, all of which are suitable. 
Measurements carried out on the parents by taking a typical leaf 
from a large number of plants have shown that the method is 
most satisfactory. The usual practice of obtaining the average 
between the bottom, the middle and the top leaf is open to many 
objections and would be quite unsuitable for the kinds of tobacco 
grovn in India. It presupposes a uniform change in the size of 
the leaves on the plant, and takes no account of the large number 
of uniform leaves in the centre of the plant, which vary in their 
effect on the average with the number of leaves per plant, and 
the type of the plant. Moreover, the determination of the top leaf 
is necessarily arbitrary. The real top leaves are far too small 
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Table XVIL 

Dimensions of Lamina. Types 9 and 51. 


(Measurements in Centimetres.) 
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14.0 
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23,8 

46.1 

1.9 

11 

75° 

24.2 

48.7 

2.0 

80° 

24.6 

48.1 

1.9 

80° 

25,3 

47 . 1 

1.9 

12 

80° 

24.7 

46.0 

1.9 

80° 

27.1 

50 . 5 

1.9 

i 80° 

25.4 

47.4 

1.9 

13 

80° 

23.8 

46.9 

2.0 

80° 

27 . 6 

48.8 

1.8 

, 80° 

26.8 

48.6 

1.8 

14 

80° 

25 . 6 

46.3 

1.8 

85° 

29.0 

49.3 

1.7 

' 80° 

25 . 9 

47.2 

1.8 

15 

80° 

27.1 

46 . 8 

1.7 

75° 

28.3 

45.9 

1.6 

80° 

25.6 

46.7 

1.8 

10 

80° 

25.3 

47.2 

1.9 

80° 

26.4 

47.0 

1.8 

80° 

25 . 7 

44.8 

1.7 

17 

85° 

26.0 

43.1 

1.7 

80° 

27.7 

45.2 

1.6 

' 80° 

27.1 

46.7 

1 .7 

IS 

, 85° 

22.5 

40.7 

1.8 

80° 

28.8 

43.4 

1.5 

80° 

25.0 

42.6 

1.7 

19 

85° 

24.2 

40.4 

1.7 

80° 

24.0 

42.0 

1.75 

80° 

24.2 

40.1 

1.7 

20 

85° 

24.0 

39.2 

1.6 

80° 

26.6 

41.8 

1.6 

85° 

22.0 

39 . 2 

1.8 

21 

85° 

20.8 

36 . 8 

1.8 

80° 

24.9 

39.4 

1 . 6 

! 80° 

24.2 

38.0 

1.6 

22 

80° 

23.5 

34.2 

1 . 5 

80° 

26.1 

39.0 

1 .5 

80° 

21 . 7 

3.6.3 

1.6 

23 

80° 

19.8 

32.7 

1.7 

75° 

21.8 

34.3 

1.6 

85° 

20.3 

32.8 

1.6 

24 

80° 

18.3 

30.8 

1.7 

i 80° 

15.3 

27.0 

1.8 

! 80° 

18.9 

28.0 

1.5 

2o 

75° 

15.5 

25 . 2 

1.6 

! 80° 

14.6 

24.6 

1.7 

i 70° 

13.4 

24.6 

3.8 

26 

75° 

9.9 

18.8 

1.9 

r 70° 

8.4 

18.0 

2.1 

70° 

9.4 

17.8 

1.9 

27 

■ — 

6.8 

14.8 

2.2 

1 — 

5.5 

14.0 

2.5 

1 remainder not measured. 

28 

remainder not measured. 

1 remainder not measured. 

1 





'rABLK XVIII. 

Dimensions of Lamina. Types 35 and 16. 
(Measnrements in Centimetres). 


No. of i 


Biv.uitli. 

Length. 

Length. 

Vena- 


Length, i 

Vena- 

Breadth. 1. 

ength. 

Length. 

L.'isf. 

u<sn. 

Breadth. 

tion. 



Breadth. ; 

tion. 

Bread! h- 







Type 35- 

1 







Id ant 1. 



Plant 2. 



mant 

3, 


1 I 

Diiiii.-i'o'd 


i 

1 

Damaged 



Damaged 



1 





70° 

18.3 

32.3 

1.8 

65° 

16.7 

28.6 

1 7 

() 

70“ 

22.1 

31.1 

1,4 

70° 

24.0 

35.5 

1.5 

(>5° 

20.6 

33.0 

1.6 

7 

75"' 

27.4 

34.3 

1.3 

70° 

24.7 

38.7 

1.6 

70° 

25.4 

39.0 

1.5 

8 

80“ 

26.8 

— 

— 

75" 

31.0 

45.5 

1.5 

70° 

26.3 

40 . S 

■1.5 ■■ ■ 

!:l 

SO'" 

31.8 

44.3 

1.4 

80° 

33.1 

49.0 

1 . 5 

75° 

2.5.3 

39.8 

1.6 

10 

80“ 

25.5 

45.0 

1.8 

80° 

29.9 

45 . 6 

1.5 

80° 

34 . 0 

49.2 

1.5 

u 

SO"' 

31.0 

48.7 

1 . (5 

80° 

34.8 

52.6 

1.5 

80° 

30.4 

50 . 0 

1.6 

12 

80= 

30.7 

48.0 

1.6 

80° 

27.1 

46.4 

1.7 

80° 

28.4 ■ 

48.2 

1.7 

1:1 

80= 

28.1 

45 . 3 

1.6 

80° 

30.8 

49.9 

1.6 

80° 

33.0 

52 , 3 

1.6 

14 

80 = 

33 . 3 

49.1 

1 . 5 

75° 

35.8 

54.4 

1.5 

80° 

26.7 

43.6 

J.6 

15 

80 = 

29.0 

41.2 

1.4 

80° 

29.2 

43.3 

1.5 

80° 

30.6 

49.0 

1.6 

113 

80= 

32.3 

46.3 

1.4 

80° 

32.2 

46.1 

1.5 

80° 

28.0 

41.9 

1.5 

17 

80= 

29.7 

39.5 

1.3 

85° 

26.8 

39.5 

1.5 

80° 

19.3 

33.1 

1.6 

IS 

80° 

22 , 7 

33.2 

1.5 

85° 

16.4 

25.0 

1.6 

80° 

19.5 

30.9 

1.6 

19 

80° 

20.0 

29.0 

1.5 

75*^ 

11.1 

19.6 

1.8 

75° 

9.8 

19.0 

1.7 

20 

75° 

12,3 

20.4 

1.7 

remainder not measured. 

60° 

5.0 

12.8 

2.4 

21 

60° 

4.8 

12.8 

2.7 





remainder not meastu'ed. 

22 

remainder not measmed. 















Type 16. 








Plant 1. 



Plant 2. 



Plant 3. 


1 

2 

Damaged 



Damaged 



Damaged. 



3 

4 





60” 

6.1 

21.3 

3.5 


’’ 



6 

so” 

7.8 

30.8 

4.0 

Damaged 

60° 7.8 

28.0 

3.6 

55° 

8.2 

29.7 

3.6 

7 

55° 

7.0 

25.0 

3.6 

50° 

7.5 

30.8 

4.1 

60° 

8.6 

31.2 

3.6 

8 

50° 

9.1 

35.6 

3.9 

50° 

9.0 

36.6 

4.1 

50° 

9.7 

39.0 

■4.0 

9 

55° 

8.7 

36.2 

4.2 

50° 

S.8 

34.7 

3.9 

60“ 

9.8 

38.7 

4..0 

10 

50° 

10.7 

43.1 

4.0 

55° 

9.1 

41.7 

4.6 

55° 

10.7 

41.2 

3.9 

11 

50° 

10.2 

41.7 

4.1 

45° 

9.5 

■ — 

— 

50° 

10.9 

46.3 

4.2 

12 

55° 

11.0 

46.3 

4.2 

50° 

9.9 

41.9 

4.2 

55° 

12.0 

45.7 

3.8 

13 

50° 

12.5 

51 . 6 

4.1 

50° 

10.5 

44.6 

4.2 

50° 

12.4 

48.5 

3.9 

14 

45° 

12.2 

47.4 

3.9 

50° 

10.1 

41.0 

4.1 

, 55° 

11.9 

48.1 

4.0 

15 

45° 

11.7 

52.2 

4.5 

55° 

10.5 

43.4 

4.1 

50° 

12.7 

49.0 

3.9 

16 

50° 

11.1 

46.9 

4.2 

50° 

10.4 

43.6 

4.2 

50° 

12.3 

— 

— 

17 

50° 

12.1 

49 . 4 

4.1 

50° 

10.5 

44.4 

4.2 

65° 

11.5 

45.7 

4.0 

IS 

50° 

13.0 

51.7 

4.0 

50° 

11.5 

43.8 

3.8 

50° 

12.8 

50 . 3 

3.0 

19 

50° 

12.4 

48.3 

3.9 

50° 

9.7 

41.7 

4.3 

50° 

11.3 

48. 8 

4.3 

20 

50° 

13.0 

51.5 

4.0 

50° 

10.0 

42.7 

4.3 

50° 

12.3 

47.0 

3.8 

21 

45° 

11.4 

48.1 

4.2 

50° 

10.0 

41.4 

4.1 

50° 

10.3 

42.0 

4.0 

22 

55° 

11.8 

48.3 

4.1 

50° 

9.7 

40.0 

4.1 

60° 

10.5 

40 . 3 

3.8 

23 

50° 

12.0 

46 . 4 

3.9 

50° 

9.2 

38.9 

4.2 

50° 

10.5 

43.8 

4.2 

24 

50° 

9.8 

40.4 

4.1 

50° 

8.6 

37.5 

4.4 

55° 

9.5 

39.0 

■■ 4.1 ■ ■ 

25 

50° 

10. G 

39.3 

3.7 

50° 

8.5 

38.9 

4.6 

50° 

9.0 

36.6 

4.0 

2(3 

.,46° 

7.0 

31.6 

4.5 

50° 

7.7 

34.9 

4.5 

5.5° 

9.2 

36.6 

4.0 

, 27 

45° 

5.7 

27.0 

4.7 

46° 

6.8 

32.5 

4.8 

50° 

6.5 

28.0 

4.3 

28 

— 

2.9 

19.6 

6.8 

45° 

6.2 

29.1 

4.7 

60° 

5.4 

24.8 

4.6 

29 

remainder 

not measui'ed. 

— 

4.4 

21.8 

5.0 

— 

2.4 

16.8 

7.0 

30 





remainder not naeasured. 

1 I’eniamder not measnred. 


Table XIX. 


Dimensions of Lamina. Types 23 and 38. 
(Measurements in Centimetres.) 


Xo. of 
Leaf. 

i ’ 

■\ en:-i 
i tion. 

Breadth. Length. 

Length. 

BretKltli 

Vena- 

tion, 

Breadth. Length. 

Length. 

Breadth 

Vena- 

tion. 

Breadth. Length. 

Length. 

BreadFh.' 






1 

Type 23 









1 

Plant 1. 



Plant 2. 




Plant 3. 



1 

2 

: Damaged 



i Damaged 




Damaged 




3 

4 

! ” 




1 ■” 





70°” 

18.2 

33.5 

1 

8 

6 


13.2 

33.7 

2.6 

i 70°” 

22.0 

44.8 

2 

0 

65° 

22.5 

44.8 

:'2 

0 


70" 

19.2 




70° 

25.1 

51.0 

2 

0 

70° 

23.4 

48 . 9 

2 

1 

8 

7(! = 

23 . 0 

■ 



70° 

26.8 

56.6 

2 

1 

75° 

28.2 

54.5 

1 

9 

9 


24.6 

55.0 

2.2 


28. S 

60.6 

2 

1 

70° 

28.4 

62.0 

2 

2 

10 

■ 70" 

27.0 

66.0 

2.4 

75° 

30.5 

72.1 

2 

4 

75° 

28.4 

61 . 5 


2 

11 

70" 


60.5 

2.2 

75° 

27.4 

69.4 

2 

6 

75° 

24.6 

58 . 7 

2 

4 

12 

. 70" 

26.4 

62.5 

2.3 

75° 

27.0 

63.0 

2 

3 

70° 

26.4 

62.7 

2 

4 

13 

i 

27.5 

62.5 

2.3 

70° 

26.1 

61.0 

2 

3 

75"" 

25.7 

57 . 4 

2 

2 , 

14 

■ 70’ 

21.9 

66.7 

2.5 

70° 

22.3 

55.7 

2 

5 

70° 

23.0 

52.0 

2 

3 

15 

: 65" 

23.8 

55 . 1 

2.3 

65° 

20.9 

50.0 

2 

4 

75° 

17.5 

40.3 

2 

3 

16 

i 70" 

18.2 

43.2 

2.3 

70° 

13.7 

40.5 

2 

9 

70° 

10.7 

33.8 

3 

2 

17 

' 

5.6 

26.4 

4.7 

■ 

7.3 

16.7 

2 

3 

— 

6.2 

29.7 

4 

8 

18 

remainder 

not measured. 

remainder 

not measured 


remainder 

lot measured 








Type 38. 










Plant 1. 



Plant 2. 




Plant 3. 



1 

2 

3 

Damaged 



Damaged 




Damaged 




4 

6 

6 

■ ” 




65°” 

31.6 

43.0 

1 

4 

65° 

24.7 

35 . 6 

1 

4 ' 

7 





65° 

32.0 

42.8 

1 

3 

60° 

28.4 

43.3 

1 

5 

8 

65° 

25.7 

33.2 

1.3 

65° 

35.3 

52.3 

1 

5 

65° 

32.6 

48.3 

1 

5. , 

9 

60" 

24.5 

37.5 

1.5 

65° 

40.7 

59.5 

1 

5 ' 

60° 

36.4 

56.1 

1 

5 ' : 

10 

65" 

33.3 

45.8 

1.4 

60° 

33.6 

56.1 

1 

7 

65° 

33.6 

56.0 

1 

7 ' ■ 

11 

65° 

35.4 

52.5 

1.5 

65° 

38.7 

62.1 

1 

6 

65° 

38.1 

58.8 

1 

5 

12 

60° 

32.0 

52.0 

1.6 

66° 

39.7 

63.2 

1 

0 

65° 

36.5 

63.7 

1 

7 

13 

65° 

35.5 

55.2 

1.6 

65° 

31.3 

56.1 

1 

8 

65° 

33.2 

57.9 

1 

.7 

14 

60° 

36.0 

60.8 

1.7 

65° 

38.6 

63.0 

1 

6 

65° 

39.1 

66.2 

1 

,7 

15 

65° 

34.0 

57.6 

1.7 

65° 

29.1 

51.7 

1 

8 

60° 

31.2 

58.5 

1 

.9 

16 

65° 

35.5 

58.6 

1.7 

65° 

31.5 

55.8 

1 

8 

65° 

34.5 

60.8 

1 

,8 

17 

60° 

27.4 

52.0 

1.9 

60° 

38.3 

65.0 

1 

7 

60° 

37.4 

59.5 

1 

,6 

18 

65° 

29.8 

50,5 

1..7 

65° 

28.6 

49.9 

1 

7 

60° 

29.6 

51 .0 

1 

,7 

19 

60° 

34,2 

56.0 

1.6 

65° 

34.5 

55.6 

1 

6 

60° 

35.3 

56.4 

.] 

,0 

■ 20 

60° 

30.0 

52.2 

1.7 

65° 

32.3 

52.4 

1 

6 

65° 

32.5 

49.8 

1 

,5 .■ 

21 

60° 

25.2 

47.1 

1.9 

65° 

27.0 

44.2 

1 

6 

60° 

31.2 

51.2 

1 

.6 

22 

65° 

27.7 

46.6 

1.7 

60° 

30.2 

48.4 

1 

6 

65° 

30.7 

48.2 

1 

,6 

23 

60° 

27.0 

45.1 

1.7 

65° 

23.7 

39.8 

1 

,7 

05° 

23.3 

38.it 

1 

.6 

24 

60° 

24.4 

43.8 

1.8 

65° 

18.8 

33.0 

1 

,8 

60° 

23.3 

39.5 

1 

.7 : 

25 

60° 

19.7 

36.6 

1.9 

60° 

25.2 

42.3 

1 

.7 

60° 

20.8 

32.3 

1 

. 6 

26 

60° 

18.3 

33.2 

1.8 

60° 

16.4 

2S.I 

1 

.7 

65° 

14.9 

23.5 

1 

.6 

27 i 

(-,0° 

20.3 

34.5 

1.7 

65° 

15.2 

25.4 

1 

.7 

60° 

14.1 

22.6 

1 

.6 

28 1 

65° 

15.9 

27.2 

1.7 

60° 

10.3 

18.6 

1 

.8 

remainder irot measured. 


29 

65° 

12.5 

20.0 

1.6 

remainder not measured. 







30 

60° 

9.5 

16.7 

1.8 











31 

remainder not measured 













GABRIELLE L. C. HOWARD. 



for measurement and in many types the change between these 
and the significant leaves is verj^ gradual. It is probable that in 
America the general miiformity of the kinds grovui makes tliis 
method more applicable. 

The actual procedure adopted in these investigations was 
as follows. Very small cardboard labels were prepared with 
the number of the plant and culture, and these were threaded 
with fine copper wire. These labels could be readily affixed to 
the leaf by passing the ends of the copper wire through the mid- 
rib, and bending them flat on the under side. The individual 
leaf chosen by the investigator for measurement was immedi- 
ately labelled in this manner while on the plant. The leaves 
could then be removed and measured in some convenient place. 
The leaf after measurement was pressed with the label still 
attached, and thus a complete record of all the plants examined 
has been preserved. It is hoped to use this material in dis- 
entangling the factors which are concerned in the shape of the 
leaf. This method of attaching a label, which lies flat on the 
mid-rib, and therefore interferes with no measurement of the 
leaf while still on the plant, has proved most useful. The 
labour of preparing these labels, threading the wire, and the 
subsequent drying of the leaves, however, would not be possible 
for several thousand plants except for the cheap labour avail- 
able in India. A second and a tliird leaf can be removed 
immediately above or below the first one chosen. 

The venation of the leaves was determined by measuring the 
angle between the mid-rib and the lateral vein Avith a horn 
protractor. Only differences of 5° were noted. Experience 
showed that such determinations gave good results, and that 
the error generally was not more than ±5°. These measure- 
ments were carried out in two ways, either while the leaf was 
still attached to the plant or on the detached leaf which had been 
selected for other measurements. The first method has the 
advantage that all the leaves can be examined in a general 
manner by eye at the same time as the measurements are made ; 
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the second, that all the measurements such as width, length 
and venation are made on the same leaf. Comparative deter- 
minations on the same cultures by both methods give similar 
results. In most cases in 1913, the data given are the mean of 
two determinations, but experience shows that where time is 
limited one careful determination is quite sufficient. The 
difference between the determinations was not greater than the 
error of measurement. 

The angle of venation appears to be extraordinarily 
constant for any one type (see Table XVII) and to be 
largely independent of the shape and width of the leaf. 
This is shown very well by Type 9, in which the angle remains 
constant at 50°, while the shape and width of the leaves varies 
greatly. An examination of Table XX shows that the angle of 
venation in the Indian types varies from 35° to 90° and that all 
the intermediate grades occur. The smallest angle, 35°, is found 
on a comparatively broad leaf. In Table XXI the relation 
between the venation and the shape of the leaf as expressed by 
the ratio length/breadth of the leaf is shown for the Fg generation 
of Type 16 and Type 35, and also for all the Indian types on 


Table XX. 

length 

Venation and ratio of the leaf in the various types of N. fabacum. 

breadth 


, . Length. 

Venation. ^ ■■ - 

Breadth. 

Venation. 

Breadth. 

35° Type 19 2.4 

50° Type 6 4.1 

„ 9 3.6 

„ 16 4.1 

„ 18 3.0 

„ 27 2.6 

40° ,, 7 4.1 

8 4.4 

„ 10 4.1 

„ 11 3.5 

„ 12 3.3 

» 13 3.0 

„ 14 3.8 

„ 20 2.6 

„ 21 2.8 

65° „ 25 2.8 

60° „ 17 2.8 

•„ 26 2.4 

„ 30 2.4 

31 2.1 

„ 36 2.0 

„ 46 2.6 

46° „ 22 2.3 


Venation. 


Length. 

Breadth. 

60-65° Type 

38 

1.7 

65° 

33 

1.9 

70° 

24 

2.6 

JJ 

34 

2.2 

JJ 

39 

1.9 

S) 

40 

2.1 


42 

2.1 

» 

43 

2.2 

35 

44 

2.2 

33 

45 

2.2 


38 

1.8 


Length. 

Breadth. 


Type 23 
37 

» 41 

„ 39 


2.3 

2.7 

2.1 

2.0 


35 

47 

48 
51 


1.6 

1.9 

1.9 

1.9 


GABRIELLE L. C. HOWARD. 







Table 


XXL 


length 

Venation and ratio in Type i6 x Type 35« 

breadth 


length ! 

Ratio 

l»reaclth 

40= 

45° 

50° 

55° 

Size of Angle. 

60° 65° 70° 

75° 

80° 

85° 

90° 

Xo. of 
Hants. 

1.7 

1.8 


- 

- 

- 

_ 

1 

1 


1 

1 

1 

__ 

1 

2 

4 

1.9 



— 

— 

— 

■ — 

6 

— 

3 

4 

2 

1 

16 

2.0 



— 

— 

— 

4 

3 

7 

6 

12 

4 

1 

37 

2.1 



1 

— 

2 

9 

8 

5 

5 

4 

7 

1 

4:2 

2.2 



1 

5 

4 

7 . 

6 

19 

9 

8 

1 

1 

61 

2.3 



1 

2 

3 

13 

8 

8 

3 

4 

— 

— 

42 

2.4 

— 

— 

4 

8 

26 

7 

13 

6 

4 

— 

— 

68 

2.5 

— 

1 

4 

11 

10 

5 

9 

3 

2 

— 

— 

45 

2.6 

1 

1 

8 

7 

9 

7 

2 

1 

— 

— 

— 

36 

2.7 

— 

2 

6 

2 

4 

5 

4 

— 

1 

— 

— 

24 

2.8 

— 

1 

10 

4 

5 

3 

1 

1 

1 

— 

— 

26 

2.9 

— 

— 

1 

1 

2 

3 

— 

— 

1 

— 

— 

8 

3.0 

— 

2 

3 

— 

4 

1 

— 

— 

— 

— 

— 

10 

3.1 

— 

2 

3 

1 

2 

1 

1 

— 

— 

— 

— 

10 

3.2 

— 

1 

3 

— 

1 

— 

— 

— . 

— 

— 

— 

5 

3.3 

— 

— 

3 

2 

— 

— 

— 

— 

— 

— 

— 

5 

3.4 

— 

~ 

1 

1 

— 

— 

~ 

— 

— 

— 

— 

2 

3 . 5 

3.6 







1 



' 











1 

3.7 

. — 

— 

— 

— 

— - 

— 

— 

— 

— 

— 

— 

— 

3.8 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— ■ 

— 

3.9 

— 

— - 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

4.0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

■ 4.1 

— 

— 

1 

— 

— 

— 

— 

— 

— 

— 

— 

1 

Total 

1 

13 

54 

48 

97 

65 

69 

38 

43 

14 

5 

447 


Table XX. It will be seen that .there is no true correlation 
between these two characters, and this is confirmed by many 
of the Fg cultures in which the venation was constant, but the 
shape of the leaf very variable — culture 202 and many 
others. There does, however, seem to be a limit to the occur- 
rence of the higher angles. Those above 75° are only met within 
leaves with small ratios. A more detailed examination of the 
venation affords a possible explanation of this, for that there is no 
incompatibility between a large angle and^a small ratio, is shown 
by the banana leaf. There is a strildngjdifierence in the leaves] of 
the tobacco between the behaviour of the lateral veins which arise 
at an acute angle and those in which the angle is large. The 
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former always go straight to the margin, which they naturally 
meet obliquely, wliile the latter curve at this point and run 
almost parallel to the margin. This may be to avoid rupture of 
the lamina, or it may enable the food channels to serve a larger 
portion of the leaf for in the case of the acute-angled venation 
the veins cover a long distance, while when the angle is 90 the 
distance is very short. If the leaf is broad, this curving upwards 
of the ends of the veins does not affect the angle near the mid-rib 
but if the leaf is narrow the latter would be reduced. This may 

Table XXII. 

Venation in Type 9 X Type 51. 



IVenationj 

of 

Parent. I 


Total 
No. of 
Plants. 


608 

269 

207 


102 


Type 9 1912 

Type 9 1913 


Type 51 1912 

Type 51 1913 


Pj Type 9 X Type 51 1912 


F, Type 9 X Type 51 
738—1912 
745—1912 

736— 1912 

737— 1912 
740—1912 
694—1912 


143 

139 

127 

160 

129 

100 

116 

98 


P, Type 9 X Typ)© 51 
1911 

Type 0 X Ej Type 9 X 
Type 51 1911 

Type 51 X P, Type 9 X 
Typo 51 1911 
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explain why there is a limiting effect without true correlation. 

The study of the -venation has yielded some most interest- 
ing results and has demonstrated very conclusively the existence 
of homozygotic combinations with values between those of the 
parents. Table XXII gives the results of the cross Type 9 x 
Type 51, The Fi is intermediate as usual, and the Fg covers the 
combined range of the parents. In the Fg only one culture, 
167, appeared to be uniform, and this had a mean venation 
slightly greater than Type 51. The limits of variation were, 
however, very different in the various cultures, and two 
cultures in wliich these overlap very slightly, 738 and 694, 
were continued. From culture 738, with a rtbuge of 40° to 70° 
in the Fg, the plants wdth the lowest and highest angles were 
growui in the following year, as weU as four others. In the F^ 
generation two cultures 19 and 96 were uniform with an average 
venation of 50°, and a range of 40° to 55°, two others 58 and 
81 were uniform with an average of 60°, while one culture 15 
resembled the parent culture 738 in every respect. The 
behaviour of the other culture is not very clear; it may 
indicate another homozygotic combination at 55°. Thus 
two homozygotic combinations, representing 50° and 60° 
respectively, have been isolated, one of which is a replica 
of one of the parents, the other is new. The F4 cultures 
of 694 do not give such definite information, but they indicate 
the occurrence of another hom.ozygotic combination 65°-70°, 
and it is possible that 694-1 represents this. 

The cross between Type 16 x Type 35 (Table XXIII) gives 
very similar results to those described before. All the cultures 
(four) with a venation of 50° or 45° have bred true ; one culture 
of which the parent plant had a venation of 60° has also bred 
true, and here again is the formation of a homozygotic 
combination intermediate between the two parents. Cultures 
200 and 8 are possibly uniform with an average of 75°, again 
a novum. The other cultures are apparently heterozygotes 
splitting within different limits. 



Table XXIII 


Venation in Type i6 X Type 35. 


Table XXIV 


Venation in Type 23 X Type 38. 


Venation 
of the 
Parent. 


Total 
No. of 
Plants. 


F3 Type 23 X Type 38 

213—1913 

6—1913 

156—1913 

159—1913 

104—1913 

111—1918 

204—1913 




Venation 











of 

40° 45° 

50° 

65° 

60° 

65° 

70° 

75° 

80° 



Parent. 









Tyi^e 16 

1912 


— 13 

49 

11 

_ 

_ 

_ 

_ 


Type 16 

1913 


— 

22 

10 

1 


— 

— 

— 

Type 35 

1912 I 


__ 

_ 

— 

— 

__ 

3 

10 

52 

Type 35 

1913 1 


_ 


— 

— 

— 

— 

13 

19 

Pj Tyiie 

16 X Type 35 











1912 


— 

— 

— 

7 

28 

— 

— 

■ — 

Ej Type 

16 X Type 35 1 











1912 ! 


— 6 

32 

29 

58 

43 

41 

25 

20 

Ej Tyjje 

16 X Type 35 











27—1913 

45° 

— 17 

78 

14 

1 

— 

— 

— 

— 


202—1913 

50° 

— 22 

73 

9 

3 

— 

— 

— 

— 


190—1913 

50° 

— 21 

67 

. 21 

— 

— 

— 

— 

— ■ 


231—1913 

50° 

2 23 

66 

14 

— 

— 

— 

— 

, — 


251—1913 

65° 

1 9 

38 

39 

17 

3 

_■ 

— 

— 


142—1913 

55° 

— 8 

38 

40 

20 

2 

— 

— 

— . 


163—1913 

60° 

— . — 

— 

— 

— 

18 

67 

16 

— 


15—1913 

70° 

— 2 

6 

18 

24 

30 

18 

6 

1 


35—1913 

75° 

— _ 

1 

5 

8 

12 

15 

32 

16 


9—1913 

80° 

— — 





4 

6 

42 

41 

14 


200—1913 

80° 

— ■ — 

— : 

— 

: — 

— 

19 

49 

34 


8—1913 

85° 


— 

— 

— 



56 

35 








QABRIELLE L. C. HOWARD. 91 

As the parents in the cross Type 23 x Type 38 (Table XXIV) 
are so similar as regards venation, no investigations on this 
character were contemplated. A few^ measurements were 
made, however, in the Fo as some other characters had given 
curious results in this generation. The results obtained in 
this generation afforded very striking evidence of the accuracy 
of the method adopted, and so a few cultures were measured 
in the F^. Type 23 has a range of 70° to 80°, Type 38 of 60° to 
75°, both therefore overlap. The plants in the Fg generation 
had a range of 60° to 85°, the combined range of the parents. 
In the Fa, cultures were found like both parents, i.e., 
Nos. 213 and 6, some like the Fg, Nos. Ill and 204 and others, 
which indicate the possibility of another homozygotic combina- 
tion with an average of 70°. 

7. THE LEAF SHAPE. 

The most difficult characters to investigate are those 
connected with the shape of the leaf. The large number of forms, 
all slightly different, with apparently endless modifications of the 
individual parts, appear at first to defy analysis. A detailed 
study of the existing forms and their behaviour on hybridization 
shows that the number of characters is not so great as might be 
supposed, although the factors composing such characters 
are probably numerous. The form of a tobacco leaf can be 
expressed by a determination of the following points : (1) 
ratio length/breadth, (2) position of the greatest width, (3) 
amount of indentation at the apex, (4) amount of indentation at 
the base, (5) shape at the point of insertion, that is, whether 
auriculate or not. According to the evidence which has accu- 
mulated during these investigations all these characters are 
inherited quite independently of one another. 

The influence of the ratio length/breadth on the shape of 
the leaf is obvious. The ratio depends on the two variable 
characters, length and breadth. Apart from environmental 
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influence, the width of the leaf is not dependent on the length. 
The Indian tj^^pes of tobacco, with their great diversity of leaf 
shape, illustrate tliis point well. In countries with a high level of 
agriculture, economic considerations have eliminated all varieties 
except those possessing a certain type of leaf, a broad leaf with a 
large surface. In India, on the other hand, where the conditions 
of seed selection are primitive, and where thickness of leaf is 
deshed for certain purposes, the cultivation of forms with very 
narrow leaves has persisted. Type 9 (Plates I and XVIII) is a 
very good example of a long narrow leaf and in Types 16 and 
35 we have tivo leaves similar in length (average length, 42.9 
cm. and 46.6 cm. respectively) with a very great difference in the 


Table 

Length 

Ratio in 

Breadth 



Ratio 

of 

Parent. 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

Type 51 1912 




__ 

1 

7 

21 

11 

3 



— 





__ 

_ 


Type 51 1913 


— 

— 

— 

— 

6 

6 

10 

9 

1 


— 

— 

— 

— 

— 

Fi Type 9 X Type 51 1912 


- 

- 

- 


- 

- 

- 

~ 

4 

6 

8 

7 

8 

1 

4- 

P, Type 9 x Tvpe 51 

















167—1912 


— 

— 

2 

9 

10 

26 

15 

21 

8 

1 

1 

— 

— 

— 


132—1912 


— 

— 

' — 

2 

7 

21 

29 

26 

14 

6 

2 

2 

— 

— 

__ 

694—1912 


— 

— 

— 

1 

4 

18 

19 

20 

13 

10 

6 

3 

1 

1 

— 

737—1912 


— 

— 

— . 

— 

— 

— 

— . 

1 

3 

3 

6 

7 

10 

10 

12 

738—1912 


_ 

— 

— 

— 

— 

— 

— 

— 

1 

4 

6 

10 

10 

15 

14 

745—1912 


— 

— 

— 

— 

, — 

— 

— 

— 

1 

— 

3 

4 

2 

7 

9 

736—1912 


— 

— 


— 

— 

— 

— 

. — 

— 

1 

4 

7 

6 

12 

13 

740—1912 


__ 

— 

— 

— 

— 


— 

— 

— 

__ 

2 

3 

6 

18 

20 

F 4 Type 9 X Type 51 

















738- 81—1913 

2.7 

— 

— 

— 

__ 

— 

— 

— . 

— 

— 

— 

3 

5 

4 

12 

11 

738- 15—1913 

2.9 

— 

— 

— 

— 

— 

— 

— 

— 

— 



1 

8 

9 

22 

16 

738- 58—1913 

3.2 

— 

— 

— 

— 

— 

— - 

— . 

— 

— 



__ 





4 

6 

738- 76—1913 

3.2 

— 

— 

— 

— 

— 

— ■ 

~ 

— 

__ 

— 

5 

5 

11 

15 

18 

738- 19—1913 

3.3 

— 

— 

- — 

— 

— 

— 

— . 

— 





_ 

_ ■ 

2 

3 

8 

738- 96—1913 

3.8 

— 

— 

— 

— 

— 

— 

— 












2 

3 

694- 23—1913 

1.9 

. — 

2 

1 

8 

19 

18 

4 

1 

2 






— 



694- 1—1913 

2.1 


— 

— ■ 

— 

— 

— 

3 

5 

22 

28 

19 

19 

6 



,1 

694^103—1913 

2.2 

.. — 

1 

1 

8 

17 

14 

27 

7 

10 

8 

6 

1 






694- 38—1913 

2.2 

!' — ■ 

— 

— .. 

2 

16 

21 

27 

27 

12 

2 




1 

_ 



694r- 10—1913 1 

2.2 

— 

1 

— 

1 

8 

14 

26 

32 

16 

5 

•— 

— 


— 
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widtli (average width . 11.1 cm. and 29.2 cm. respectively). 
On Plate XIX are showm some of the leaves of the F- genera- 
tion of this cross, drami to scale. 

All the eiddence accuninlated during these investigations 
tends to show that differences in width can be inherited quite 
independently of the length. The very great effect of fluctu- 
ating and temporary changes in environment on the size of 
the leaves makes a thorough study of the inheritance of the 
width or of the length difficult and necessitates a large number 
of measurements. Time has not permitted me to measure 
sufficient leaves per plant to make any very definite statements 
as regards the factors composing these characters. As regards 


XXV. 

Type 9 X Type 51. 


2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 4.6 

4.7 

4.8 

4.9 

5.0 

Total 
No. oi 
Plants 


























_ 

_ 

_ 

_ _ 









43 


— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

__ 

— 

— 


— — 

— 

— 

— 

— 

32 

2 

1 

1 

- 

XT 

XT 


XT 

_ 

XT 

XX 

X" 

XX 

- 

XX 

- 

— 

- 

XX 

XX 

~ 

42 
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— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— — 

— 

— 

— 

— 

108 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— — 

— 

— 

— 

— 

96 

14 

7 

12 

9 

4 

9 

4 

2 

2 

— 

2 

1 

2 

1 

1 

— 

__ 1 

— 

1 

— 

__ 

124 

14 

16 

9 

10 

6 

5 

4 

4 

3 

4 

— 

— 

— 

1 

— 

— 

— 1 

— 

— 

— 

— 

137 

9 

12 

14 

16 

13 

8 

5 

9 

7 

4 

3 

5 

2 

1 

2 

1 

1 2 

— 

— 

— 

2 

142 

12 

17 

14 

6 

9 

4 

7 

3 

4 

4 

1 

1 

— 

— 

— 

1 

— — 

— 

— 

— 

— 

125 

24 

12 

18 

9 

10 

4 

2 

1 

— 

— 

— 

— 

— 

— 

__ 

— 

— ~ 

— 

__ 

— 

— 

129 

13 

17 

17 

9 

6 

3 

4 

2 

2 

2 












* 110 

10 

9 

5 

5 

1 

3 

1 

3 

1 

— 

— 

— 

— 

— 

— - 

— 

— — 

— 

— 

— 

— 

93 

6 

18 

9 

9 

9 

12 

11 

4 

5 

4 

3 

1 

1 

— 

— 

— 

— — 

— 

— 

— 

— 

102 

7 

17 

4 

5 

6 

2 

— 

— 

1 

1 

_ 

— 

— 

— 

— 

1 

— — 

— 

— 

— 

— 1 

98 

16 

7 

5 

14 

10 

10 

8 

6 

4 

1 

3 

2 

— 

— 

— 

— 

— — 

— 

— 

— - 

__ 

99 

4 

8. 

7 

13 

7 

6 

7 

1 

3 

2 

1 

— 

— 

— 

— 

— 

__ 

— 

— 

— 

_ 

64 

__ 

— 

— 

■_ 

__ 

: 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— — 

— 

— 

— 

— 

55 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— — 

— 

— 

— 
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_ 

— . 

— 

— 

— 

— ■ 

— 

— 

— 

— 

— 

— — 

— 

— 

— 

— 

100 

— 

__ 

— 

— 

— 

— 

— 

— 

— 

• — 

— 

— 

— 

— 

— 

— 

— — 

— 

— 

— 

— 

108 

— 

— 

— 

— 

— 

— 

: 

— 

— 

_ 

— 

— 

— 

— 

— 

— 

— _ 

— 

— 

— 

— 
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Table 

Length 

Ratio in 

Breadth 



Ratio 

of 

Parent. 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

Type 35 1912 


6 

21 

18 

6 

— 

_ 

_ 

— 

— 

— 

— 

— 


Type 35 1913 


— 

11 

18 

8 

— • 

— 

— 

— 

— 

__ 




Type 16 1912 

Type 16 1913 



— 

— 

— 

- 

z 

- 

- 




- 


Fj Type 16 x Type 35 
1913 


— 

__ 

— 

— 

_ 

— 

— 

1 

3 

6 

20 

19 

7 

F, Type 16 X Type 35 











42 

68 

45 

36 

1912 


— 

— 

— 

2 

4 

16 

37 

42 

61 

P3 Tjipe 16 X Type 35 










31 

16 

10 



9—1913 

1.9 



_ 

: — 

— 

2 

7 

14 

23 

3 

— 

8—1913 

2.0 



■ 

_ 

— 

— 

5 

19 

33 

27 

13 

4 

3 

— 

200—1913 

2.1 





— 

2 

13 

13 

27 

20 

12 

10 

5 

— 

— 

231—1913 

2.1 

— 

— 

— 

— . 

— 

— 

— 

— 

— 

4 

3 

11 

17 

202—1913 

2.1 

— 

— 

— 

— 

— 

— • 

— 

— 

— 

— 

— 

3 

10 

35—1913 

2.2 







— 

— 

6 

17 

16 

13 

14 

19 

10 

4 

15—1913 

2.3 

— 

— 

— 

: 

— 

— 

3 

7 

12 

14 

20 

18 

5 

163—1913 

2.3 







— 

— 

— 

1 

— 

3 

11 

29 

17 

17 

251—1913 

2.5 



— 

— 

— 

— 

— 

— 

3 

8 

17 

16 

23 

17 

142—1913 

2.7 

_ 

— . 

— 

— 

— 

— 

1 

2 

15 

16 

22 

18 

17 

190—1913 





— 

— 

■ 

— 

— 

— 

_ 

— ■„ 

— 

1 

— 

3 

27—1913 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

1 ^ 

3 

3 

3 


Table 


Length 

Ratio in 

Breadth 



Ratio 

of 

Parent. 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

Type 23 

1912 




_ 

_ 

_ 

_ 

_ 

1 



2 

6 

21 

19 

8 

Type 23 

1913 


— 

— 

_ 

— 

— 

— 

2 

2 

8 

4 

6 

1 

2 

Type 38 

1912 






2 

14 

10 

10 

4 

2 











Type 38 

1913 


— 

-- 

4 

4 

10 

3 

2 

1 

— 

— 

— 

— 

— 

Fi Type 23 

X Type 38 
















1913 


— 

1 

3 

9 

22 

8 

4 

— 

1 

— 

— 

_ 

— 

F, Type 23 

X Type 38 
















1912 


3 

2 

6 

18 

27 

37 

54 

62 

50 

32 

20 

16 

6 

F3 Ts^e 23 X Type 38 I 
















104—1913 

1.6 

4 

14 

30 

31 

12 

6 

— 

. — 

— 

— 

1— 



_ 


6—1913 

1.9 

__ 

2 

11 

13 

26 

16 

13 

11 

2 

2 

1 

1 



117—1913 

2.0 

— 

2 

7 

12 

11 

12 

9 

12 

6 

1 







204—1913 

2.0 

— 

_ 

3 

5 

17 

22 

16 

17 

11 

6 

2 

1 




159-1913 

2.0 

— 

— 

— 

4 

12 

23 

12 

24 

11 

8 

4 

4 

2 


111—1913 

2.1 

— ’ 

3 

2 

11 

6 

21 

20 

13 

14 

3' 

1 

2 

1 


213—1913 

2.2 

■ — - 

2 

2 

16 

18 

23 

19 

12 

7 

3 

1 

1 



156—1913 

2.4 

— ■ 

— 

— 
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In Tj’pe 51 the position of the greatest width has been 
determined for a large number of leaves, and is alwa 3 ’'s half-^vay 
between the apex and the base. In Type 9 it is lower at a 
point two-fifths from the base of the leaf. Determinations of 
this point made in the F 4 generation on cultures derived fronr 
694 showed that all were uniform in this respect and resembled 
Type 9 exactly, although in size and ratio length/ breadth they 
were very like Type 51. On Plate XX some of these leaves 
are shown, contrasted with a leaf of Type 51. Apparently this 
character can be inherited quite independently of the ratio 
length/breadth and it is possible to combine in the same leaf the 
ratio length/breadth of one parent with the greatest width in the , 
same position as in the other parent. Similarly, very distinct 
segregation as regards this character was observed in the cross 
Type 23 x Type 38. A large number of cultures have been 
measured with reference to this point, but as the number of 
tables is already great, the results wiU not be published until 
the fuller investigation of the factors concerned with the 
shape of the leaf is completed. The measurements were carried 
out by mo^nng a steel measure at right angles up the leaf until 
it denoted the greatest width, when its position was marked by 
inserting a needle into the mid-rib. The distance between this 
point and the base of the leaf ’was then determined. 

The ratio length/breadth and the position of the greatest 
width are sufficient to determine the general form of the leaf in 
all cases. If we further imagine pieces of varying size to 
be cut out at the apex and base of the leaf we are able to 
rejiroduce the leaves of all the existing types. If we postulate 
the existence of independent factors the effect of each of which 
is to cause a different indentation in the outline, all the facts 
which have been discovered during this investigation can be 
explained. 

r'JJ The most striking example is jthat given by the cross 
Type 23 x Type 38 (Table XXVIII). Both these forms 
have sessile leaves, but the amount of indentation near 
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tbe base is different (see Plate XXI, in which both parents, 
and typical leaves from the Fg generation are shovTi). The 
measurements were obtained by measuring the lamina on 
either side of the mid-rib and obtaining the mean value. 
This is preferable to any measurement across the leaf as it 
eliminates the width of the mid-rib, which is probably an 
independently varying character. The outline of Type 23 
is almost straight, while that of Type 38 is suddenly contracted. 
On hybridization, the Fj has a bigger indentation than either 
parent. In the Fg, petiolate forms occur in which the amount of 
lamina on either side of the petiole is less than .3 cm. All stages 
between these and Type 23 were found. Nine cultures were 
carried on to the Fa. The petiolate forms. Nos. 117 and 213, bred 
true in the third generation. If the indentation in the parents be 
due to two different factors or combinations of factors, then the 
effect of their combined presence might be to reduce the lamina 
to a negligible amount. These forms possessing both factors 
would be homozygotic and breed true. Two cultures, Nos. 155 
and 204, which in the Fg possessed a small amount of lamina gave 
a progeny of petiolate and sessile forms which could be easily 
separated both by eye and by measurement into three distinct 
groups in the ratio 1:2:1. The actual numbers were asf ollows : — 

Culture 159 — petiolate 25, intermediate 52, sessile 27. 

Culture 204 — petiolate 24, intermediate 48, sessile 33. 

The parent plants were probably homozygotic for one factor and 
heterozygotic for the other. 

Three other cultures gave progeny in which a certain 
number of petiolate forms occurred, but these formed a 
series with the sessile forms, and the number of such 
plants was much less than a quarter of the whole. In two 
cultures. Nos. 104 and 111, no petiolate forms at all occurred. 
If the presence of both indentations is possible, the absence of 
both must also be possible. Some leaves with an outline 
showing even less indentation than Type 23 were found, but 
the range of variation of the latter was, in 1913, so great that 
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this could not be confirmed by direct measurement. These 
cultures were veiy luxuriant and over-grew their normal limits. 
The question is complicated by the fact that the indentation 
of T^'pe 88 is sudden and short, while it is gradual in Type 23. 
Indications of a segregation in this direction were also observed. 
These results indicate that the apparently stalked varieties 
of tobacco are not really petiolate, but sessile. This 
explains the alate natmc of the petiole and the fact that in many 
such types the upper leaves are sessile, the lower petiolate. 

Further evidence on this point was obtained from the other 
two crosses. Many cases in wliich the form of the lower part 
of the leaf varied, but the indentation factors did not differ 
so widely as in Type 23 and Type 38, were observed in the F4 
generation of the cross Type 9 x Type 51. No petiolate forms 
occurred, showing that the combined efieot of the indentation 
factors was not great enough to remove all the lamina. Different 
ranges were shown by different cultures. 

Observations in the field together with a comparison of 
Tables XXV, XXVI and XXVII, show that these indentation 
factors are inherited quite independently of the leaf ratio and also 
independently of the width of the leaf. Environmental in- 
fluences would, however, by influencing the vigour of the plant, 
affect both alike. 

Plate XXII shows three leaves selected from culture 738-81, 
in which both width andiength are the same but the amount of in- 
dentation at the base varies. On the same Plate are shown two 
leaves of 738-19, in which the length is the same, but the width 
and the form of the base vary. In some cultures the configuration 
of the base was uniform, such as 694-1. Plate XIX gives a very 
good indication of the range obtained as regards this character in 
the cross TjT^pe 16 x Type 35, The F3 cultures showed very differ- 
ent limits of variability. In one case, culture 9, there was 
apparently only one heterozygotic factor, a separation by eye 
gave twenty-five plants mth a similarly broad base in 108 
plants. 
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A similar explanation to the series of independent indenta- 
tion factors appears to hold good in the case of the leaf ai)ex. 
A cnrious feature of the leaves in some of the Indian tobaccos is a 
sudden constriction of the lamina near the apex of the leaf, which 
gives the appearance of a prolongation of the surface into a 
long slender tip ; in others the tip is short. Good examples of both 
these cases are seen in the F 2 generation of Type 16 x Type 35. 
(Plate XIX). At first sight it would appear as if this sudden con- 
striction were absent in both parents but indications of it can be 
detected in the apex of Type 1 6, although the narrowness of the leaf 
has diminished its effect. Evidence as to the independence as 
regards inheritance of the factors concerned in the configuration 
of the apex is given in this Plate. Other examples are shown 
on Plate XXIII. In 738-81, Nos. 14 and 60, are shown two leaves 
with similar apices but dissimilar widths, in 738-15, Nos. 38 
and 96, are shown two leaves with the same width, but dissimilar 
apices, while 738-19, Nos. 68 , 47 and 23, show the two extreme 
forms of apex found in that culture with an intermediate form. 
All these drawings are to scale. 

In three E 3 cultures of the cross Type 16 x Type 35, the 
leaves could be divided by eye as regards the configuration of the 
apex, into three different groups giving a ratio 1 : 2 : 1 . This 
shows that the was heterozygotic as regards one 

apical factor only. Culture No. 9 gave 29 leaves with 
broad apices ; 50 intermediate ; 30 with pointed apices. 

Culture No. 35 gave 30 : 50 : 24. Culture 163 bred true as 
regards the apex. These tlnee cultures are illustrated in 
Plate XXIV. 

No information is as yet available as regards the inheritance 
of the presence and shape of auricles at the base of the leaf. 

It is hoped to publish a further paper on the factors con- 
cerned in the leaf shape when the study of the pressed leaves 
has been completed, but enough evidence has been given in this 
section to sho^v that the form of the leaf can be expressed by a 
knowledge of the ratio length/breadth, the position of greatest 
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width, and the amount of indentation at the apex and base. 
All these characters vary independently of one another and can 
be inherited separate^, and theh mode of inheritance can be 
explained by the existence of independent interchangeable 

factors. 

8. CHARACTER OF THE SURFACE AND THE MARGIN 
OF THE LEAF. 

These characters are very difficult to investigate. In the 
first place, the nature of the irregularities in the surface may 
be difierent ; in the second place, the various stages and 
combinations are very difficult to distinguish by eye ; in the third 
place, even the so-called flat leaves have a certain amount of 
undulation at the base. From a study of the various Indian 
types, the following conditions appear to be the most frequent — 
large undulations of the whole leaf as in Type 9, large undulations 
confined to the base only, a general puckering of the surface 
between the veins and a small undulation or "'frilling” of the edge. 
This frilling of the edge occurs in Type 51, but is best shown by 
the photograph of a plant which arose from the cross Type 9 x 
Type 51, namely, No. 694-23 in Plate XVI. 

The investigations on this point have been confined to 
the cross Type 9 x Type 51. Type 9 has a leaf which is very 
undulate all over, while in Type 51 the edge is friUed but the 
surface is flat except at the extreme base, where an occasional 
slight undulation may occur. Taking the leaf surface only, 
it was found that the F^ was intermediate and that the F 2 
showed a series of forms intermediate between both parents, 
with a slight intensification, a few plants being more undulate 
than Type 9. Two hundred and fifty plants were examined by 
tw^o observers. It w'-as found possible to distinguish seventeen 
plants like Type 9, and three slightly more undulate. Fifty- 
seven plants were found with a slight undulation at the base or 
quite flat. These two classes could not be sub-divided. The 
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reiiiainder could be classified as follows : — base sliglitly undulate, 
sligiitly undulate all OYer, undulate at [the base only, undulate 
over, very undulate all over, a little less undulate tlian Type 
9, — showing that in all probability the undulation of the base 
is determined by a different factor to that of the general surface 
of the leaf. The numbers obtained indicate the existence of two 
factors and aratio of 15 : 1, namely, 17+3 plants like Type 9 in 260 
plants gives a ratio 11.6 : 1. It is, however, possible that the 
occasional undulation noticed at the base of Type 61 owes its 
to a third factor and that the plants that were even 
more imdulate than Type 9 represent the combination of the 
factors involved in Type 9 plus this factor. The ratio 247 : 3 
makes this appear possible. The seventeen plants like Type 9 
would consist of the homozygotic combination Type 9, the 
heterozygotic intermediate between Type 9 and Type 9 intensi- 
fied by the factor from Type 51, In a three factor combination 
ratio of these to the total number of plants would be 3 ; 64, 
i.e., there should be twelve plants, not seventeen. The number 
of plants examined is, however, two few to enable any definite 
conclusion to be drawn. 

Tiie "‘friliing” of the edge appears to be inherited indepen- 
dently of the surface undulations. This character cannot 
be observed when the general undulations of the leaf are great, 
the present case this character was observed on fifty-seven 
Of these, fifteen had no frilling at the edge, the others 
were friUed to a varying degree. This gives a ratio 42 : 15,' or 
2.8 : 1, so that here we are dealing with a simple factor. Some 
of these plants with flat leaves and frilled margins were 
carried on in the F3 generation, and the following results were 
obtained : — 

Culture 694 — 105 plants, 78 with friUed margins, 27 with flat 
margins. 

Culture 167—99 plants, 73 with frilled magrins, 26 with flat 
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9. COROLLA. 

As regards the corolla the following measurements were 
made on both parents, the Fj and Fo generations in the cross 
Type 9 Type 51 — length of the flower, length of the individual 
petal, maxi mu in breadth of the petal, basal breadth of the 
petal, breadth of the corolla tube and breadth of the fiiimel. 
Tlie results observed were similar to those obtained in the leaf 
characters. The intermediate nature of the F^ was perfect 
even to the method of pollination. The F^ generation gave a 
series covering the limits of both parents. The full data are not 
given here as they present no new features, but a ’graphic 
representation is given in Plate XXV. Want of time -made 
further measurements in the Fg and F4 generations impossible. 

The difference in the colour of the corolla in this case 
was probably due to two factors. The F3 generation could be 
divided into more than three groups, and those classified as 
white formed one quarter of the wdiole, forty-five plants out of 
117. The large number of gradations obtained in the Fa 
generations indicate that this is probably not a simple 3 ; 1 
ratio, but that some of the palest pink combinations were 
indistinguishable from white. 


V. COlSrCLUSIONS. 



The results obtained in these investigations may be briefly 
summed up as follows : — 

1. In any statistical investigation on the mode of inheri- 
tance, the uniformity of the environment in which each set of 
cultures is grovm is exceedingly important. Comparisons 
should not be drami between cultures unless they are grown 
close to one another with full precautions as to uniformity in 
environment. By careful attention to cultural details it is 
possible to reduce greatly the effect of environmental fluctua- 
tions. The importance of using m such investigations only 
normal, well grown plants cannot be over-estimated. 

2, Parthenogenesis in JV. tabacum, under the conditions 
obtaining in hybridization work at Pusa, is negligible. 

3. In aU characters except height, the generation is 
intermediate between the parents. In the case of the height, 
different results were obtained in different crosses. This 
may be due to added vigom^ in the hybrid plants. It is suggested 
that the differences in the increase produced by this may depend 

on differences in the number of dissimilar factors in the 
parents. 

4 In all eases the limits of variation in the Fj generation 
been as great as those of both parents combined or have 
exceeded these in both directions. In some cases, where the 
parents and the P, generation were aU alike, the variation in the 
hs was very great. This can readily be explained by the 

parents are 

6. Selected variates of the P, generation irave 
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often fi'oin the parents — the range of variation diiniiiisiiing 
with further selection. Certain cultures showed so small a 
range of variation as to appear uniform ; some of these 
resembled the parent forms, some were new. 

0. Observations on the time of flowering during four 
generations resulted in the isolation of a culture flowering slightly 
earlier than one parent, and others flowering much later, together 
vith some in which the range of variation was great. 

7. It has been shown that although the heights of tobacco 
plants ma}’- only differ slightly, nevertheless the factors on 
which such heights depend may be almost all different. In one 
cross, a new form (probably uniform) much shorter than the 
shorter parent, has been isolated ; in another cross, forms 
resembling both parents were obtained. If there is a basal 
condition of height common to all tobacco plants it must be small. 

8. The number of leaves per plant does not depend on the 
height of the plant and is practically independent of the environ- 
ment. The inheritance of this character can be explained b}^ 
a basal condition (of not more than nineteen leaves) common to 
all types of N. tabacum, combined with independent factors 
which can add to this number. These factors are probably 
different in magnitude, that is, they represent an addition of 
different numbers of leaves. 

9. Distinct segregation has been observed as regards the 
arrangement of the leaves on the stem. The arrangement udtli 
internodes of equal length invariably breeds true. 

10. The length of the decurrent portion of the lamina is 
probably due to the existence of several factors. Hybridization 
between plants wdiose leaves are equally decurrent has produced 
forms wdth nondecurrent leaves. The differences in length due 
to the various factors may be very small. 

11. The most suitable leaves for measurements of the 
lamina are those in the centre of the plant. 

12. The venation of the leaves is one of the most constant 



characters of the plant. On hybridization, t] 









liave been re-isolated in the F 3 and F 4 generations and also 
constant forms with intermediate venation. Many of the 
factors involved have a very small external effect. 

13. The shape of the leaf in N. tahacum may be defined by 
the ratio length/breadth, position of the greatest wfidth, amount 
of indentation of the apex, amount of indentation of the base, 
nature of the insertion, whether auriculate or not. All these 
characters can be inherited independently of one another. By 
the hybridization of two forms, in -which the indentation factors 
of the base differ, “ petiolate ” forms which at once breed true, 
are produced by the combined action of the factors. All 

petiolate ” leaves in this species are probably sessile leaves 
with deep indentations. 

14. The irregularities of the surface of the leaves depend 
probably on several factors. The undulation of the margin 
in the particular case investigated proved to be due to a single 
factor which is inherited independently of the factors concerned 
in the surface of the leaf. 

16. Measurements of the size of the corolla show that this 
organ resembles the leaves in its mode of inheritance. 


From the above results the following general conclusions may 
be drawn : — The data obtained l^y a study of the characters of 
N, tdbacum show that there is no inherent difference in the mode 
of inheritance of ordinary qualitative characters (such as the 
colour of the corolla) and of those characters connected with the 
size of the organs which are subject to fluctuating variability. 
All the results obtained can be explained by the Mendelian 
assumption of segregation of characters, combined with the 
hypothesis that in connection with each character a large 
number of factors exist, each of which can be inherited indepen- 
dently. This conclusion is supported by the great range of 
variation in the Fg generation, the formation of extreme forms 
in this generation far outside the limits of the parents, the differ- 
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eiices and diminution in the range of variation in the Eg cultures 
raised from different variates of the Eg generation and by the 
iKSolation in the Eg and succeeding generations of forms like 
the parents and also of intermediate forms wliich breed true. 
This isolation of new forms can easily be explained Iw a 
rearrangement of the factors. 


Pusa, 

April 22nd, 1913. 


APPENDIX. 


DESCRIPTION OF THE TYPES USED IN 
HYBRIDIZATION. 

Type II, Plants late, tal] ; height 150 cm. ; lower inter- 
nodes short, tipper ones long ; most of the large leaves borne 
near the grotmd ; no large leaves in the upper two-thirds of 
the plant. Leaves petiolate, petiole is slightly alate in the 
lower leaves, more so in the upper ones ; the wings are 
decurrent douTi the main stem for about 2.5 cm.; leaves inserted 
at an angle of 90° and bend downwards from the top of the 
petiole, asymmetric ; shape varies from ovate to lanceolate 
according to the position on the stem ; venation acute-angled, 
secondary veins arising at an angle of about 60° ; apex acute ; 
margin entire or slightly undulate ; colour blue-green ; texture 
thick; average length of petiole 6 cm.; average length of 
lamina 49 cm. ; ratio length/breadth 2.5. Inflorescence leaves 
petiolate, loetiole not alate, inserted at an angle of 60° — 90°, 
lanceolate ; apex acuminate ; margin generally entire, some- 
time undulate. Inflorescence raised, side branches borne at 
regular distances up the stem, parallel to but not as long as the 
main axis. Flowers a deep pink colour which does not fade 
much; length 45 mm. Calyx slightly globular and inflated, 
about one-third the length of the corolla ; teeth moderately long 
and acute. Corolla with an orifice 8 mm. in diameter, a broad 
tube, and the transition between the tube and the dilated 
portion abrupt ; limb not very deeply divided with folds at the 
junctions of the lobe ; lobes very rounded at the base ; apical 
points short and somewhat reflexed. Capsule much longer than 
the persistent calyx, conical ; apex blunt. 
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The anthers burst as the flower expands, not in the bud, and 
at this ]>eriod are above the stigma. In the fully open flower the 
burst anthers are about 5 mni. above the stigma and project well 
beyond the orifice of the corolla. 

Ty]pe III. Plants very late, tall; height 150 cm. ; lower 
internodes very short, upper internodes long ; some of the lowest 
leaves lie on the ground, the others are borne at long intervals 
up the stem. Leaves petiolate with alate petioles, the wingvS 
of the petiole expand on reaching the stem and are amplexicanl 
and decurrent for o cm. ; leaves inserted at an angle of about 
60° and bend dovmwards ; shape ovate to cordate ; secondary 
veins arise at an angle of more than 60° ; apex acute ; margin 
undulate; leaf undulate; surface puckered; texture thick; 
colour dark blue green ; average length of petiole 5 cm. ; 
average length of leaf 41 cm. ; ratio length/ breadth 1.5. 
Inflorescence leaves petiolate with very short alate petioles, 
inserted at an angle of 90°, ovate ; apex acuminate ; leaf 
undulate and surface generally puckered. Inflorescence with 
few flowers and with very spreading sideshoots which arise at 
regular intervals on the upper half of the main stem. The side 
branches bear very few flowers. Floivers pink, the colour easily 
fades ; length 42 mm. Calyx globular and inflated, less than one 
third the length of the corolla ; teeth moderately long and 
acute. Corolla with a broad tube and short dilatation, diameter 
of orifice 8 mm. ; the transition between the tube and the ex- 
panded portion abrupt ; limb not very deeply divided ; lobes 
much rounded, pointed but with no distinct apical points. 
Capsule much shorter than the persistent calyx, conical ; apex 
blunt. 

The anthers burst as the flower expands, not in the bud, 
and occupy a position above the stigma. In the fully open 
flower, the burst anthers are about 5 mm. above the stigma and 
project much beyond the orifice of the corolla. 

Type IX, Plants early, dwarf; height 104 cm.; lower 
internodes very short, causing nearly all the large leaves to lie on 


no 
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the ground. Leaves sessile, inserted at an angle of 90° ^ slightly 
a mplexicaul, lanceolate, lamina much narrowed towards the base, 
venation acute-angled, secondary veins arising at an angle of 50°; 
apex acuminate, median leaves prolonged into very long thin 
points ; margin and lamina with deep midulations, lamina 
raised between the secondary veins, giving the appearance 
of folds or ridges ; colour dark green ; texture very thick ; 
average length 56 cm. Inflorescence leaves sessile, in- 
serted at an angle of 90° and droop downwards from 
the base, linear ; apex acuminate ; the whole leaf is very sinuate 
and sometimes even twisted. Inflorescence conspicuous and 
raised above the leaves, with numerous side shoots which are 
almost as long as the main axis and not very spreading. 
Floivers a very pale pink colour, short (36 mm.). Calyx tubular 
with long and acute teeth, more than half as long as the corolla. 
Corolla with a wide orifice (11 mm.), and a broad tube, the 
transition between the tube and the dilated portion somewhat 
gradual ; limb divided to about half its depth ; lobes rounded 
at the base ; apical points short, straight and only slightly 
leflexed. Capsule cylindrical with a somewhat blunt apex ; 

persistent calyx longer than the capsule. 

In the unopened bud all the stamens are below the stigma. 
The anthers burst just as the flower opens while they are still 
below the stigma or at the most touch the underside with their 
apices. In the open flowers the stigma is much above the burst 
anthers and aU project beyond the orifice of the corofia. In 
some of the buds the stigma is visible between the still closed 
lobes of the corolla. 

Type XVI. Hants somewhat early; height 141 cm.; 
habit very open, internodes long, only two or three leaves lie on 
the ground. Leaves sessile, inserted at an angle of 90“ and 
*oop downwards from near the base, amplexicaul, sometimes 
slightly aunoulate, deourrent, lanceolate, lamina slightly 
nareowed at the base ; secondary veins arise at an angle of 
50 ; apex acuminate; margin entire; lamina flat except 
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for occasional slight undulations at the base of some of the leaves ; 
eoioiir very light green ; texture medium ; average length 
46 cm. ; ratio length/breadth 4.1. Inflorescence leaves 
similar to the lower leaves but much narrower, in some cases 
linear, and the undulations at the base are more marked. 
Inflorescence raivsed with long side branches which are somewhat 
parallel to and not as long as the main axis. Flowers few in 
number, pale pink ; length 50 mm. Calyx tubular, somewhat 
inflated, about one-third the length of the corolla ; teeth long 
and acute. Corolla slender, with an oriflce 8 mm. in diameter ; 
tube slender, the transition between the tube and the dilated 
portion slightly abrupt ; limb divided to about half its depth ; 
lobes rounded at the base ; apices very pointed but no apical 
point. Ca])side shorter than the persistent calyx, conical ; 
apex pointed. 

The anthers burst in the bud when level with the stigma. 
In the fully open flowers the empty anthers are just above the 
stigma and generally slightly project from the orifice of the 
corolla. 

Type XXIII. Plants somewhat early ; height 136 cm. ; 
leaves few, lower internodes short, causing some of the leaves 
to be borne very near the ground, upper internodes long ; 
inflorescence raised in a few long slender branches. Leaves sessile, 
inserted at an angle of 90° and bend downwards from near the 
base, amplexicaul, very slightly decurrent, elliptical, lamina 
slightly narrowed towards the base ; secondary veins arise at an 
angle of 75° ; apex acuminate ; margin and base of leaf 
undulate ; surface puckered ; leaf not fully expanded but folded 
on the midrib ; colour yellowish green ; texture thick ; average 
length 46 cm. ; ratio length/ breadth 2.3. Inflorescence leaves 
similar to the lower leaves but narrower. Inflorescence raised 
on a few, long, spreading branches. Flowers few, pale pink ; 
length 45 mm. Calyx tubular, somewhat inflated, a little less 
than half the length of the corolla ; teeth moderately long and 
acute. Corolla with an orifice 8 mm. in diameter ; tube broad, 
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ilie transition between the tube and the dilated portion somewhat 
abrupt ; limb divided to about half its depth ; lobes not rounded 
at the base ; apical points long and sometimes oblique. Capsule 
shorter than the persistent calyx, cylindrical ; apex blunt. 

The anthers burst in the bud or as the flower is expanding 
and are then just above the stigma. In the fuUy open flower 
the empty anthers and the stigma maintain their relative 
positions and are level with the orifice of the corolla. 

Type Plants somewdiat early, short with exceed- 

ingly broad leaves ; height 106 cm. ; internodes very short, 
several leaves lie on the ground. Leaves sessile, inserted at an 
angle of 60° afterwards becoming horizontal, auriculate, amplexi- 
caul, decurrent for about 1 cm., the decurrent portion of the 
lamina being very broad, elliptical ; secondary veins arise at an 
angle of 80° ; apex acute ; margin wnth slight regular undula- 
tions ; surface puckered ; colour blue-green ; texture thin ; 
average length of leaf 48 cm. ; ratio length /breadth 1.6. 
Inflorescence leaves resemble the low’-er leaves in every particular 
but are smaller. Inflorescence inconspicuous, scarcely raised 
and much hidden by the large leaves ; side branches few, short 
and spreading. Flowers large, a very deep pink colour which 
does not fade ; length 50 mm. Calyx globular, inflated, about 
one-third the length of the coroUa ; teeth short and obtuse. 
Corolla with an exceedingly broad tube ; diameter of the orifice 
about 10 nim. ; transition between the tube and the dilated 
portion abrupt ; limb entire wdth slight indentations between 
the lobes which have no apical points . Capsule equal in length to 
persistent calyx, broad, conical ; apex blunt. 

The anthers and stigma are at the same level both in the 
expanding bud and in the fully open flower. The anthers burst 
just as the flow^er opens. Both anthers and stigma remain just 
below the level of the corolla orifice. 

Type XXXVIII. Plants somewhat late and tall ; height 
134 cm. ; internodes short, giving the plant a somewhat bushy 
appearance, several large leaves near the ground. Leaves 
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sessile, inserted at an angle of 60°, the upper portions of the leaves 
tend to become horizontal, amplexicaul, auriculate, deeurrent, 
elliptical, lamina only narrowed just at the base ; secondary 
%'eins arise at an angle of 70° ; apex acute ; margin with regular, 
very small undulations ; surface slightly puckered ; colour 
light green ; texture thin ; average length 47 cm. ; ratio 
length/breadth 1.8. Inflorescence leaves similar to the lower 
leaves-. Inflorescence not conspicuous and not much raised. 
Flowers very pale pink m colour ; length 45 mm. Calyx 
globular, inflated, about one-quarter the length of the corolla ; 
teeth moderately long and acute. Corolla with a wide orifice 
(diameter 10 mm.), tube exceedingly broad and the dilated 
portion very short, the transition between the latter and the 
tube very abrupt (the shape of the corolla in this type is unique 
among the Indian tobaccos) ; limb quite entire. Caj^sule 
longer than the persistent calj^x, conical ; apex pointed. 

The anthers do not burst in the bud but as the corolla 
expands, when the anthers are well above the stigma. In the 
fully open flower the burst anthers are about 5 mm. above the 
stigma and project from the orifice of the corolla. 

Type LI, Plants somewhat late, very tall ; height 178 cm. ; 
internodes long, leaves borne at regular intervals up the 
stem, none on the ground ; inflorescence not very conspicuous. 
Leaves sessile, inserted at an angle of 60°, slightly amplexicaul 
and auriculate, decurrent for 5 cm. or more, the deemrent 
portion broad ; shape elliptical, lamina somewhat narrowed in 
the basal third of the leaf ; secondary veins arise at an angle 
of about 80° ; apex acute ; margin very slightly undulate and 
recurved ; surface slightly puffy or puckered ; colour dark 
blue-green ; texture very thin ; average length 43 cm. ; ratio 
length/ breadth 1.8. Inflorescence leaves similar to the lower 
leaves, but with more acute apices. Inflorescence with few 
flowers ; the side branches which are borne at the top of the stem 
are few in number and almost level with the main axis and 
parallel to it. Flowers very pale pink in colour, fading to 
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white ; length about 45 mm. Calyx globular, inflated, less than 
one-third the length of the corolla ; teeth short and acute. 
Corolla with a wide orifice 11 mm. in diameter and a very broad 
tube, the transition between the tube and the dilated 
portion very abrupt ; limb entire but indented and somewhat 
folded at the junctions of the lobes ; apical points very short. 
Capsule longer than the persistent calyx, conical ; apex pointed. 

Xn the bud before the coroUa expands the anthers are found 
just above the stigma and burst while in this position before the 
nu opens. In the fully open flower the burst anthers are 

about 5 mm. above the stigma and project from the orifice of the 
corolla. 

Tlus type has an exceedingly good texture, the. leaves are 
much thumer than in the ordinary Lidian tobaccos. It has the 
great disadvantage, however, that the leaves are much exposed 
to the wind and do not protect each other as in the more bushy 

jpes. or this reason they are often badly tom before they 
ripen. 
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PART I 

The Vegetative Characters 

ijy 

H. MARTIN LEAKE, M A., E.L.S. 

Economic Bohmist to Governmeniy Ui 

AND 

RAM PRASAD, 

Assistant to the Economic 

The present note is intended to bring up to date the results of 
the experiinents in the improvement of the cottons in the United 
Pro vinces of Agra and Oudh. The work which has been in steady 
progress since the autumn of 1904, was commenced at Saharanpur 
and continued since 1906, on the Botanical area of the Govern- 
ment Agricultural Station, Cawnpore. During this period a certain 
number of publications based on this work have been made and 
are here noted : — 

(1) Jour. Asiatic Soc. of Bengal, IV. I, p. 13. 

(2) Do. do. do. V. 1, p. 23. 

(3) Proc. Roy. Soc., B. 83, p. 447. 

(4) Journal of Genetics I (ii), 3. 

(5) Memoirs of the Dept, of xAgri. in India; Botanical Series, 

IV, No. 3. 
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((D I’lie Probknu of the Improvement of Cotton in the United 
Provinces of Agra and Oiidh. Pamphlet published in 
ooiiiunction with Dr. Parr, Deputy Director, Western 
Chrcle. in connection with the U. P. Exhibition, 
Allahabad, and reprinted in the Agricultural Journal 
of lndia,Yol. VI, Pt. 1. 

(7) Mtunoirs of the Dept, of Agri. in India, Botanical Series, 
fV. No. 5. 

In addition, an article of a more general nature on the breeding 
of cotton has been written for Prof. Eruwirth s ‘‘ Die Ziichtung der 
landwirtschaftliche Kultiiipflanzen.’’ 

Of the above. No. 4 contains the fullest detail of the experi- 
ments. but is limited to those problems of which the scientific 
aspect only had been fully developed ; moreover, in it the results 
are only carried down to the Fs generation. The economic aspect 
received little notice and has only been treated in briefest outline 
in the pamphlet (6) and from a very special point of view m the 
recent memoir (5). 

The work divides itself broadly into two sections, the Scientific 
and the Economic, the former dealing with all those points con- 
cerning the characters, and behaviour of these, which it is necessary 
to ascertain to indicate the most promising lines on which to develop 
the economic woi'k and the conditions under which this work must 
be carried out, the latter, with the actual experiments midertaken 
to effect the desired improvement. 

The first step in any work, such as the present, is to ascertain 
the extent of the material at hand for the purpose of experiment, 
or, in other words, using the plant as a unit, to determine the 
number of forms or types it is possible to isolate and cultivate in a 
condition of purity. Throughout India there are cultivated a 
scries of cottons inchiduig nimierons and diverse forms. The 
grouping of these into a systematic series of which the unit is the 
type, or that form of plant which can be recognised as distinct and 
remains thus distinct when cultivated under conditions which 
ensure purity, is the first object and the one which forms the basis 
for subsetpient experiments, 
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Having ascertained tlie it is next necessary, by a com- 

parative study of the points or characters, by which these differ, 
to determine the main characteristics. The unit of this series of 
observations is now the character. But the investigatioii i.s not 
limited to the determination of these alone ; by crossing types 
which differ in certain definite characters and tracing the ha- 
havioiir of these in the offspring, it is possible, not only to ascer- 
tain with some clearness what constitutes a unit character bnt, 
also, to obtain information as to the behaviour of these units under 
definite conditions— information which permits efforts aimed at 
improvement to be undertaken with some confidence. 

The plant may he imagined to consist of an aggregate of unit 
characters, — the presence or absence of an ultimate common base 
is not here a matter for concern c.f. de Tries (11) — certain combi- 
nations of which are to be found in nature. Improvement consists 
in a rearrangement of these units with the production of a plant 
more suited to the conditions of growth and having a more valu- 
able produce. Regarded in this light the possibility of effecting 
any improvement is seen to depend very largely on the cleaimess 
with which the objective receives definition in the mind. In this 
way only can the most suitable method of obtaining that combi- 
nation, and the most suitable types to use as parents, be selected 
with any degree of certainty. 

Although the plant forms the central object of study it is not 
possible to limit observation to this one aspect. The inter-action 
between the plant and its surroundings is intimate. It is further 
necessary, therefore, to determine the nature of the siirrouiidings 
or environment and also, if possible, the conditions which render 
one type more suitable than another for growth under a particular 
set of conditions. In the broadest sense the environment includes 
not only the physical conditions by Avhich the plant is surrounded 
but also the organic. In other words, there exists an inter-action, 
not only between the plant and the soil, climate and such physical 
conditions of growdh but also between the plant and its neighbours 
— ^in the case of a field crop usually plants of the same species—^ 
insects, harmful or otherwise, and organisnis causing disease, 
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(6) The Problem of the Improvement of Cotton in the United 

Provinces of Agra and Oudh. Pamphlet published m 
coniunction with Dr. Paix, Deputy Director, Western 
Circle, in connection with the 0. P. Exhibition, 
Allahabad, and reprinted in the Agricultural Journal 
of India, Vol. VI, Pt. 1. 

(7) Memoirs of the Dept, of Agri. in India, Botanical Series, 

IV, No. 5. . 

In addition, an article of a more general nature on the breeding 
of cotton has been written for Prof. Frnwirth’s Die Ziichtnng dei 
laiidwirtschaftliche Kulturpflanzen.^^ 

Of the above, No. 4 contains the fullest detail of the experi- 
ments, but is limited to those problems of which the scientific 
aspect only had been fully developed ; moreover, in it the results 
are only carried down to the ¥, generation. The economic aspect 
received little notice and has only been treated in briefest outline 
in the pamphlet (6) and from a very special point of view in the 
recent memoir (5). 

The work divides itself broadly into two sections, the Scientific 
and the Economic, the former dealing with all those points con- 
cerning the characters, and behaviour of these, which it is necessary 
to ascertain to indicate the most promising lines on which to develop 
the economic work and the conditions under which this work must 
be carried out, the latter, with the actual experiments undei-taken 
to effect the desired improvement. 

The first step in any work, such as the present, is to ascertain 
the extent of the material at hand for the purpose of experiment, 
or, in other words, using the plant as a unit, to determine the 
number of forms or types it is possible to isolate and cultivate in a 
condition of purity. Throughout India there are cultivated a 
series of cottons including numerous and diverse forms. ®ie 
grouping of these into a systematic series of which the unit is tlie 
type, or that for,m of plant which can be recognised as distinct and 
remains thus distinct when cultivated under conditions which 
ensure purity, is the first object and the one which, forms the basis 
for subsecpicnt experiments. 
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Having ascertained the types it is next necessary, by a com- 
parative study of the points or characters, by which these differ, 
to determine the main characteristics. The unit of this series of 
observations is now the character. But the investigation is not 
iiinited to the determination of these alone ; by crossing types 
which differ in certain definite characters and tracing the be- 
haviour of these in the offspring, it is possible, not only to ascer- 
tain with some clearness what constitutes a unit character but, 
also, to obtain information as to the behaviour of these units under 
definite conditions— information which permits efforts aimed at 
improvement to be undertaken with some confidence. 

The plant may be imagined to consist of an aggregate of unit 
characters, — the presence or absence of an ultimate common base 
is not here a matter for concern c.f. de Vries (11) — certain combi- 
nations of which are to be found in nature. Improvement consists 
in a i-'earrangement of these units with the productioji of a plant 
more suited to the conditions of growth and having a more valu- 
able produce. Regarded in this light the possibility of effecting 
any improvement is seen to depend very largely on the clearness 
with which the objective receives definition in the mind. In this 
way only can the most suitable method of obtaining that combi- 
nation, and the most suitable types to use as parents, be selected 
with any degree of certainty. 

Although the plant forms the central object of study it is not 
possible to limit observation to this one aspect. The inter-action 
between the plant and its surroundings is intimate. It is further 
necessary, therefore, to determine the nature of the surroundings 
or environment and also, if possible, the conditions which, render 
one type more suitable than another for growth under a particular 
set of conditions. In the broadest sense the environment includes 
not only the physical conditions by which the plant is surrounded 
but also the organic. In other words, there exists an inter-action, 
not only between the plant and the soil, climate and such physical 
conditions of growth but also between the plant and its neighbours 
— ^in the case of a field crop usually plants of the same species-^ 
insects, harmful or otherwise, and organisms causing disease, 
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i ; ■ Til is li ne of investigation lias not in the present case received 

I I ■ * 11101 ‘e t il an general atteniion. The physical conditions as existing 

i ‘ in tbe. province st the piissent time have been accepted as standard. 

; ' Lt is unlikely that any lai-ge change either in methods of cidtivation 

I , ■ or in the extended use of manures will take place in the near future. 





Tlie main o])ject seems, therefore, to he rather the production of an 
impj'oved planl. undei' these conditions than the adaptation of the 
conditions to meet the needs of the plant. The organic conditions 
in like manner have not formed the subject of especial investigation 
except in as far as they affect the methods of experiment. Of 
major importance hem is the relation of the plant to its neighbours 
and to insects. On this relation depends the extent of the occur" 
rence of cross-feidilization in the field. This subject has been treated 
somewhat fully in a jirevious memoir (20) and will not receiver n:i,oi*e 
than a pu,ssing ndei'enco here. 

Before entering in tletail into an account of the experimenta,! 
work which has been undertaken it will not be amiss to review 
briefly the conditions under which, cotton, is grown in the Provinces. 
These Provinces occupy the large alluvial tract lying between, the 
H imalayas on the north and the uplands of Central India. Through- 
out the entire area cotton is grown, but the relative area under the 
crop varies considerably. In. map A is given the percentage of the 
hharif area under cotton for each district, the figures being derived 
from the Season and Crop Pmport for the year 1909-10, in wdiich 
the cotton crop was 108 per cent, of the normal From this map 
is seen that the largest proportionate area under cottoif occuirs 
in the Muttra district at the south-west corner of the Province. 
Here over 30 per cent, of the hharif area is sown to cotton. From 
centre tlie percentage of the hharif area under the (u.‘op gradu- 
decreases in passing eastwards until, in the east, the crop is 
practically absent, the total acreage in the Ghazipiir district being 
3 only. Prom the shading of the areas showing a cfu’taiii rang<‘ of 
percentages it further appears that, were the units of dot-ormin<M,ti(.).n 
smaller than a district, a series of lines of equal percentages (jould 
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(average mean temperature) for the montlis June- /iiignst. and in 

Map CJ the lines of ecpial rainfall for June to October. Jlir; siinila/rity 
between the direction of these lines and those indicaited fo!' 
percentages of the cotton crop is somewhat striking. It seems to 
follow that, as far as the TJnited. Provinces are concerned, tlie climatic 
(rainfall and temperature), rather than any other, conditions arc 
the principal factors in determining the percentage area of cotton 
grown in the various districts. A problem of somewhat different 
nature refers to the conditions affecting the area sown to cotton 
in the different seasons. The statistical aspect of this problem, has 
been dealt with by Moreland (25), by whom also refereiic<‘ is mad(‘ 
to the aggregation of the crop into certain areas or f*ottoii ij-ac-ts. 

The Genus Gossypium and the Types used in the ifmisti<]<tfi()ns. 

The distribution of the genus Gossypkmi tlirouglioin tropical 
and semi-tropical climates is nearly universal, the cultivation of 
the numerous forms extends back to the earliest times, and the 
origin of these forms, as with so inany agahailturai plarils. is lost in 
antiquity. Owing, moreover, to the coinmercial value of the crop 
and to the amount of attention which lias been de\aded to it 
from the time that the fibre began to be used as the raw product 
of an ever-increasing industry, the original limits of cultivation of 
each form have been broken down so that at the present time it is 
possible to find in such a country as .India examples of ah the larger 
groups of the genus. In many cases the history of these intro- 
ductions is wanting and the presence of the plant alone bears testi- 
mony to the fact. In spite of this intermingling of types, however, 
it is still possible to recognise two fairly marked groups of culti - 
vated forms which may be termed the New and Old World groups 
respectively. Perhaps the most constant characte.]* by which tliese 
two groups can be distiiigiiished is to be found in the bracsts which, 
ill the former, are free and, in the latter, united, it is impossible 
here to enter into a revision of the genus, though there is little doubt 
that such a revision is necessary. Such revision can only lie made 
after personal study of all the forms in the field, opportunity for 
which has not been forthcoming. As so commonly occurs in plants 
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cultivated over wiile areas there arises a considerable degree of ada|)- 
tation to particular (ionclitions, and no single area will be found in 
whicls the uuinerous forms can be cultivated under conditions 
wlvicli admit of siux-essful study. Even among the Indian indi- 
genous forms certain occur which, owing to the lengthened period 
of vegetative growth, it is impossible to study in full detail under 
the climatic conditions prevalent at Cawnpore. 

While, therefore, opportunity for such revision is lacking, it is 
possible to indicate reasons which would seem to throw doubts on 
the present systems. The two most fully developed are those of 
Todaro, puldished in 1877 in his “ Rel. sulla Culturadei Cotoni in 
Italia’", and by Watt in 1 907 in his “ Wild and Cultivated Cottons of 
the World.” The former classification is based on the observation 
of living ])lants grown in Italy. The chief defect is the failure to 
distinguish clearly between the two types of branches — especially 
the secondary branches. These may be monopodial or sympodial. 
The value of this particular character in a systematic sclieme nuiy 
be open to some doubt, but the economic importance of clearly 
recognising the two types is indisputable. This point will be re- 
ferred to in some detail later. In the latter, this question of habit 
is again relegated to a position of insignificance. The author has 
an extended knowledge of the Indian cottons from personal expe- 
rience and he has made an exhaustive study of the. material col- 
lected in the vast majority of the herbaria of the world. We are 
tempted to think that, in a plant like cotton, the material thus pre- 
served may be very misleading. It is not too much to say that, 
owdng to this difference in habit, two totally distinct types might be 
represented in a herbarium by material showing no recognisable 
differences. Thus the secondary branch of a sympodial type may 
appear identical with the tertiary branch of a monopodial type and 
unless the exact position from which it has been taken has been 
noted it will be impossible to determine the type to which it belonged. 
The author attaches considerable importance to the presence or 
absence of a fuzz in addition to the floss of the cultivated forms. 
Thus his section II is characterised as Fuzzy-seeded cottons with 
united bracteoles ; his section III as Fuzzy-seeded cottons with 
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free bracteoies, and his section IV as naked-seeded cottons with the 
bracteoles free or nearly so. We have redentiy been in a position 
to grow and examine a series of cottons from China and among 
these occur a series of forms which are undoubtedly related to the 
members forming the author’s section 11, but the seeds of which 
are quite naked (21). 

From the limited number of general observations we have 
been in a position to make, it would appear that among the culti- 
vated forms the condition of the bracts is a character of consider- 
able systematic importance. The two groups so separated agree in 
the further point of their geographical distribution. The origin of 
most of the cultivated forms is, it is true, unknown or speculative ; 
moreover the numerous efforts to acclimatise exotic forms in various 
regions of the globe have led to extensive intermingling of types. 
Nevertheless the group of plants with united bracteoles appear to be 
typical of the Old World, while that of plants with free bracteoles is 
similarly typical of the New World, though the natural limits of 
this group are not so well defined as those of the latter. 

The various types used in the course of these earlier stages of 
these investigations have been given in a previous publication by 
one of us (22). As has been there stated, the difficulty of culti- 
vating many, and especially the monopodial, types renders a com- 
plete survey of the genus at present impossible. 

The list of types there given may be here quoted. 

Mono2:)odial Tyfes. 

Perennial ; secondary branches ascending sharply at an acute 
angle. Leaf factor is less than 2 ; plant almost glabrous. Brac- 
teoles small, triangular ; margin entire or dentate. Corolla yellow. 
(Plate I). 

This plant is the G. ohtusifolium-Roxhurgh Flora Indim of 
Uammie (15) and Watt (32). The various forms to which the spe- 
cific name obtusifolium has been given at different times have 
been dealt with by Burkill (5) .. .. .. Type 1. 

Perennial ; with secondary branches spreading. Leaf with 
a factor less than 2. Stem and leaves densely covered with short 
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hairs. Bracteoles deeply auricula te or reuiiorni, deeply sfMrale, 
spreading in fruit. Corolla yellow, petals small. Stigjua lu'aA'iiy 
glandular. Capsule inflated and nearly splierical with a, shaj'p 
mucronate apex. (Plate II). 

This plant is the G. herhaceim, Linn, of Todaro (28) and 
Ganimie and the G, oUusifolkim var. WigMiana of Watt 
(32). .. . . .. .. .. Type 2. 

Perennial “tree cotton;*’ secondary branches ascending 
sharply at an acute angle. The entire plant of a deep-red, or 
purple colour. Leaf with a factor greater than 3 ; frequently 
with an extra tooth on one or both sides of the central lobe. 
Bracteoles small, triangular ; margins entire or with the ti{) de.ntate. 
Corolla deep-red. Stigma eglandular. Capsule iisually 3 c(’i!1(m 1, 
ovate. (Plate III). 

This plant is the Gossypmm a/rhoreum of Linn. Sj). Pi. ; 
Parlatore (26) ; Todaro (28) ; and the G, arhoreiim type o:l; Gairnnie 
(15) and Watt (32). . . . . . . . . Type 3. 

Sympodial Types. 

Annuals with a few only, oi* none, of the lowest sec'onda];)' 
branches monopodia, the remainder sympodia ; iiiie inonojKHlial 
branches ascending and the sympodial spreading. 

A tall plant, in later stages drooping under tile weight of fi'ujt. 
Leaf large, with factor less than 2 ; lobes commonly 8 or with, 2 
small accessory basal lobes. Young stem and leaves sparsely haiiy. 
Bracteoles small, entire or with few small apical teeth, closely 
enveloping bud and fruit. Corolla yellow with deep red ' ' eye. ’ ’ 
Petals large, semi-transparent. Stigma eglandular or with, few 
glands only. Capsule commonly 3 celled, ovate. (Plate IV). 

This plant is the Gossypium indicimi, Lmnk of (Tarnmie (15) 
and G. Nanhing var. lani of Watt (32). . . . . Ty()(‘. 4. 

An erect plant, in later stages drooping under the weight of 
fruit. Leaf factor less than 2 ; lobes 6-7. Young stem, and lea,ves 
hairy. Bracteoles large, entire or with few small apical tiaddi 
loosely enveloping bud and in fruit sometimes reflexed. (,1oi‘olla 
yellow with deep red “ eye ; “ petals opaque. Stigma eglandular 
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or witk few glands only. Capsule commonly 3-4 celled, ovate. 
(Plates V & VI). .. .. Type 5. 

An erect plant diHering from Type 4 in the greater rigidity 
of the main stem and the greater angle at which the secondary 
monupodia arise, in this case about 45, and in the corolla which is 
white. The petals are small, scarcely projecting beyond the brac- 
teoles. (Plates VII & VIII). ^ ' .. ' .. Type d. 

Plant erect with secondary nionopodial branching, when 
develo]3ed, sharply ascending. Leaf factor less than 2 ; flower white. 
This type differs from the last in two respects. The secondary 
m()no}>r)clial ]u*anches, if developed, are sharply ascending, Fre- 
((iieutly, howciver. they are absent, and even when present red iiced 
ill number in {>lauts where the growth of the main axis lias not 
rei'cived a check, to one, or at most, two with vigorous growtli. 
The plant is consecpiently strongly asyiiuiietricah For fin; same 
reason the iengtli of the vegetatixu*. period is vei‘>’ Irrief and t-lie 
first flowers develop while tlie plant is still ([uite small. Growth 
continues throughout tlie season, the plant maintaining a mar- 
vellous fertility. (Plate IX). . . .. .. Type 7. 

A tall plant, in later stages drooping under the weight qf fruit. 
Leaf factor greater than 3 ; lobes 5-7 with an extra tootli, on 
one, or both sides of the cnnti'al lolie frequently developecL 
Young stem and leaves liairy. Bracteoles entire or with few 
apical teeth. Corolla yellow witli deep red '‘eye.'’ Stigma 
eglandular or w’-ith few glands only. Capsule 3-4 celled, ovate. 
(Plate X). ., ., .. .. .. Types. 

A plant differing fi;-om (8) in tlie colour of corolla only which 
is white and scarcely protj-udes beyond the bracteoles . . Type 9. 

Types (4)-(9) fall into the G. neglectum and G. roseum of 
Todaro (28), the G. negkcium, Tod. of Gammie (15) and the G. 
arboreum vars. neglecta and rosea of Watt (32). 

A tall plant with the main stem weak and early drooping. 
Leaf factor greater than 3; lobes 5-7. Bracteoles entire or with, 
few apical teeth, large and continuing to grow with the developing 
boll. Corolla pale yellow with deep "eye.” Stigma eglandular. 
Capsule ovate, very large with numerous seeds. (Plate XI). 
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The plant is the G. cemuurn of Todaro and Gaininie and the G, 
ar5ofeim var. assamim of Watt (32). .. .. Type 10. 

A tall plant with leaf factor greater than 3 ; leaf lolies 5-7, 
stem and leaves of a deep red or purple colour ; bi’acteoles entire 
or with few apical teeth. Corolla with deep-red “ eye/’ petals 
white, tinged with pink along margin and the portions exposed 
in the bud. (Plate XII). 

This plant is the G. sangumeum Eassh. var. mmor of Gammie 
(15) .. .. .. .. .. Type 11. 

In addition to the above, the following forms have since been 
subjected to experiment. 

Alono'podial Types. 

Plant tall with long monopodial branches sharply ascending. 
Leaf with a factor greater than 3, wrinkled. Leaf and stem covered 
with short hairs. Bracteoles triangular with margin dentate. 
Flowers yellow or white. 

This group appears to contain a number of type whicli, howevei*, 
owing to their monopodial habit it has been impossible to isolate 
with certainty. The commonest form possesses the habit of Typo 3 
[G. arbor eum, Lwm.), which it also resembles in the form of the 
bracts, while the wrinkled leaf and presence of short haii's give a 
marked resemblance to Type 2 {G. herbaceum, Linn). The I'elatively 
large value for the leaf factor measurement (E) gives the leaf; a 
characteristic appearance which is frequently obtained in tlie 
offspring of the cross Type 2 x Type 3. The group is gi'own 
usually as a mixed field crop in the east of the United Provinces 
and in Bengal, 

The types appear to differ chiefly in the density of the hairs 
on leaf and stem and in the length of the internode and of the 
petiole. The group comprises the G. intermedium, of Ganimie 
(15). 

Bympodial Types. 

(1) Plant small with monopodial secondary branches few 
or none. Leaves 3-5 lobed with factor less than 2. Flower 
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yellow. Boll large. This group includes a series of types received 
from China, of which the following have been employed : — 

Corolla, yellow eyed ; seed with fuzz . . Type 12. 

,, ,, ,, ,, naked . , Type 13. 

,, ,, without eye ; seed naked . . Type 14. 

(2) Plant differing from Type 2 mainly in the character of 
the secondary branches. The group includes a complex series of 
forms from Persia which has been dealt with by us elsewhere (21). 
The simplest form is the true G. herhaceum. of Todaro. 

(3) ' Gossyfium hirsiitiim, Linn. — This plant, which yields the 
bulk of the American cotton crop, has formed the basis of numerous 
experiments both in the United Provinces and in other cotton tracts 
of India and is to be found locally throughout the former. Selected 
plants from cultures derived from various sources have been 
used. 

(4) Gossyfium StocLsU, Max. Mast. — A vdld form of Gossy- 
fium found on the limestone hills around Karachi from whence 
seed was obtained. 

Pollination. 

The cotton dower is hermaphrodite (Plate XIII). The stigma 
l)ecomes receptive and the stamens liberate their pollen shortly 
after the dower opens. These organs are so distributed that self- 
pollination follows almost immediately. Associated with this 
arrangement of organs we dnd that in almost every case self-ferti- 
lization is efiective. A detailed discussion has been given on a 
former occasion (20). 

When, however, the cpiestion of effecting cross-fertilization is 
considered, the genus Gossyfium, at least as far as the cultivated 
forms are concerned (for of wild species G. StocJcsii, M. Mast, alone 
has been studied), appears to fall into two marked groups, the 
members of each of which are fertile inter se, but exhibit complete 
sterility when attempts are made to edect a cross between the two 
groups. These two groups have already been referred to above as 
characteristic of the Old and the New World and as respectively 
characterised by united and free bracts. 
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The Ex'periments (A),- — The Colour of the Gorolki. 

The corolla of the cotton flower consists of five jictnls aihsing 
from, the base of the staminal column. The petal is fre(|ii(‘nl ly, 
and in the true Indian cottons invariably, possessed of a dec^p i‘ed, 
or purple eye situated on the claw. In the extra- Indian cottons 
this eye may be absent, and in this case the petal is self-coloured. 
The presence or absence of the “ eye appears to be independent 
of the general colour of the petal and requires to be treated 
separately. 

Omitting for the moment consideration of the eye, the petal 
may be yellow, white or red. The latter colour is present in Types 
3 & 11 only and is not limited to the petals alone, but is here a, local 
manifestation of the presence of a red sap colour whi(‘h oc-curs 
throughout the plants of these types and will be mo,r('. cojunmiently 
treated in detail in a following section (C). 

The two petals, then, may be either white or yellow, and of 
the latter type two forms are readily distinguislied. In tli(> one 
the colour is a full yellow, described in the subsetpient text simply 
as / yellow,' while in the other, found only in Type 10, the colour is 
very light — a condition which will be denoted below as ‘ pale-yellow.’ 

The yellow colour is dependent on a colour--— producing factor 
which, accoi'ding to its presence or absence, gives rise to a s.im.j}le 

pair of alellomorphic characters, of which the presence of the colour 

producing factor is dominant in botli cases. That is, the yellow 
is dominant both to pale-yellow and to white. 

In Table I are given the I'esults obtained from a cross between 
Type 8 (yellow) and Type 10 (pale-yellow), while in Table II is given 
the oflspring from, a cross between Type 4 (yellow) and Type 6 
(white). In both cases the numbers are small and insuflicient to 
give reliable numerical values to indicate the proportion existing 
between the pairs of characters. A clearer indication is giv<m in 
Table 111, which is deiived from the crosses betweeji Type 3 and 
Type 10 and between Type 3 and Types 7 & 9. These crosses a, in 
dealt with in fuller detail below, since, owdng to the presenc.c of 
the red colouring matter found in the sap of Type 3, a paij.- of 
factors is here involved. 
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Type 10 has in no case been crossed with a type possessing a 
white petal nor, in the constant propagation of this type from 
natural seed, has a single natural cross with a white flowered type 
been recognised in spite of the fact that it has been each year culti- 
vated in close proximity to Type 9. This is the more remarkable 
in that, when self-fertilization is not resorted to, there occur a con- 
siderable number of plants with the full yellow petal, which are pre- 
sumably natural crosses with a yellow flowered parent, though 
no such parent is growing in the same proximity as is the case with 
the white flowered type. ¥ot the present, therefore, it is impos- 
sible to say what relation exists between the two conditions which 
may be indicated by the presence and absence of the pale-yellow 
factor. This point is now under investigation. It is clear, however, 
that this condition does not correspond with that denoted by Balls 
(2) as lemon yellow which he found to represent the impure stage 
in the cross between full yellow and white flowered parents in the 
Egyptian cottons. 


(B). — The Eye of the PetaL 

As has been noted under the description of types all true 
Indian cottons possess an eye situated at the base of the petal. 
In some of the forms received from China, however, the petal is 
self-coloured yellow. These cottons exhibit complete fertility in 
the cross with the Indian types and the combined group, therefore, 
is, in respect to this character, comparable to the Egyptian series 
of cotton in which the eye may or may not be present. Balls 
(2) has shown that in the latter group the heterozygote is repre- 
sented by plant in which the intensity of the eye colour is much 
reduced. In the examples w^e have observed such an intermediate 
condition appears to be rare or non-existent. At the present time 
crosses in which, the eyeless form figures as parent have not been 
carried sufficiently far — the eyeless type being only recently 
acquired— to supply definite information of the behaviour of this 
character. In the generation of a cross between this form and 
Type 3 the eye is fully developed, but it is possible that the red sap 
colour of Type 3 may act as a masking character. Indirect evidence 
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is given in Table IV. From this table it is seen that, of 15 eyed 
parents grown under conditions admitting of cross-fertilization 
taking place naturally. 14 have given eyed forms only and are 
therefore pure. One only has given eyeless plants in numbers 
which closely approximate to expectation on the supposition that 
the parent is impure and presence of the eye is fully dominant over 
absence. Two only of the eyeless parents have bred pure. Of the 
200 offspring of the remaining 4 plants 19 have the eye fully devel- 
oped, while in the remainder it is absent, a number readily accounted, 
for by the amomit of cross-fertilization known to occur, but incom- 
patible with any simple Mendelian ratio. In a single case only 
has a form appeared in which the intensity of the eye is definitely 
reduced. This form is being submitted to further investigation.* 
It would appear, therefore, that the intermediate form of eye found 
by Balls does not occur in the present group.* 

(0 ). — The Red coloiiring-matter m the Swp. 

Type 3 and Type 1 1 are characterised by the presence of a 
. red anthocyanic colouring -matter in the sap which imparts to the 
entire plant, stem, foliage and flower, a deep red colour. In these 
types the intensity of the red in the petal is sufficient to mask the 
true petal colour entirely, and it is only in a few cases of diseased 
flowers and of such as open out of season that the presence of 
the yellow petal colour in Type 3 can be determined by direct 
observation. When a plant, which breeds pure to this character, 
is crossed by one in which the red colour is absent, the F, 
generation bears the red colour which may be said to be domi- 
nant. 

The intensity of the red colour is, however, definitely dimi- 
nished and the petal attains a condition which has been denoted 
in the case of a cross with a yellow flowered plant as ‘ red on yellow. ’ 
It is consequently possible to say, from an examination of the petals 
of plants derived from such a cross, whether the plant is pure with 
regard to this character or not. From an examination of Table V it 

* Since the above was '.vrifcten this fom has/oeen found to breed true to the intermediate 
condition. It must, therefore, represent ft furthov type, 


i 


LEAKE AND RAM PRASAD 


129 


appears, however, that the determination so made is not invariably 
correct and the method is subject to an error of 22 per cent. 
x4. more accurate method has been found for this determination in 
the young leaves. The red colouring matter in the leaf, from the 
time this first opens until full development is reached, has been 
found to have a different distribution which varies with the intensity 
of the colour. In those plants in which this is developed in greatest 
intensity the entire leaf, ribs, veins and lamina, are all suffused 
with a deep red colour. With a diminished intensity the colour 
becomes restricted to the ribs and veins and, in limiting cases, to 
the ribs only. These three stages have received the notation of 
colour to lamina, to veins and to ribs respectively. Plate XIV 
illustrates 3 examples — the parents of a cross between a pure red 
form (Type 3) and a form in which the colour is absent (Type 9) 
with the Fj in which the colour extends to the ribs. In Table V 
are collected the records of the determinations of the colour in the 
young leaf from which it appears that the error is reduced to slightly 
under 7 per cent. 

A series of crosses have been made between Type 3, bearing 
the red colour, and types in which this is absent and the behaviour 
of this character may be most readily considered in conjunction 
with that of the petal colour. 

In the cross between Type 3 and Type 4 both parents bear the 
yellow factor, and in this case a simple pair of allelomorphic charac- 
ters is under consideration. 

In the crosses between Type 3 and the two Types 7 & 9, the 
yellow factor is present in Type 3 only, while in the cross between 
Type 3 and Type 10 the yellow factor is again present in Type 3 
only, but the case is complicated by the presence of the pale-yellow 
factor of Type 10. 

Such crosses between a red sap coloured plant (Type 3) and 
one in which this colour is absent have been more than once at- 
tempted by other investigators. The earliest on record is that 
made by Major Trever Clarke in 1867 (Watt 32, p. 336). Eefer- 
ences to these experiments are scattered throughout the Journal of 
the Agri, Horticultural Society of India fox that period as also in 
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the Cotton Commisskmei’s report for 1869 hot no (iotiikd report 
lias been traceable. A similar cross is refeircd to by bletciun- 
but here again full details are not given. In as miub as, bowman', 
both red and yellow flowered plants appeared in tiu^ V\ gviiei-al ion, 
it would appear that the red flowered parent, wais a bePn-o/o^gons 
form. More recently similar crosses have ))een. elTeeical by Alain 
(23), Here, again, the presence of yellow flo we i-ed foi nis in tbe Kj 
seems to indicate that the red flowered parent was not. pui'c but it 
must be admitted that the numerical results do not agrei' wntli 
any Mendelian expectation. Further the a])pt‘aram‘c, of [)lants 
with white flowers in the F., generation woubl iiubVato that oiu' of 
the parents was heterozygous with regard to tb(‘ ycdlow fac-lor also, 
dhat such heterozygous forms are of common ociairrcma' in tbe 



field is clear from our own experiments, and the la ttm: case* i 
to be similar to that observed and detailed by us (i^d p, 50 ) 
( 1 ) lype 3 X Type 4. — This cross has been ('ariabai a,' 
F 5 generation and the results arc tabvdated in Tabb^s VI 
& IX. H. 1.S evident that in this instance a singh'. pair only 
lomorphic character is concerned. The two diara.(d(u*s con 
this pair are presence and absence of the red coloiiring-madt 
former condition showing partial doininamx^ over the latt 
Type 3, therefore, the red sap colour masks the yclbnv <-( 
the petal, which colour is present in both parents, ddic f 
ration is composed of two groups, one derived from pr. 
dowers of the F 3 parent, the second from uuprotcct(d ,■ 
The latter group, as Table VI T I shr™ 
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It differs from the above in that Type 4, which has a yellow petal, 
is replaced by Type 9, in which the petal is A\diite. As far as the 
present discussion is concerned, therefore, the two parents differ in 
two characters. Type 3 possesses the two dominant factors re- 
presenting presence of the red and of the yellow colour, which are 
both absent m Type 9. Type 3, therefore, represents the condition 
RRYY and Type 9 the condition rryy. Since it is possible to distin- 
guish the impure form Rr from the pure form RR, it should be 
possible to recognise in the hh generation 6 groups which should 
possess the following numerical proportions : — • 



Flower. 

Foliage. 


Form. 


(1) 

Corolla reel 

.. Colour extending to lamina 

5 EEYY 
i & RRYy 

h 

3 


Corolla red 

.. Colour extending to vein.*^ 

5 Rr YY 
1 & Rr Yy 


6 

(3) 

Corolla red on white . 

.. Colour extending to lamina 

RRa.v 

M 

3 

(P 

Corolla red on white ., 

,. Colour extending to veins 

Rryy 


(5) 

Corolla yellow 

,, Colourless 

j ri YY 

1 rrYy 


3 

(6) 

Corolla white 

. Golourle.ss 

nyy 

1 

1 


1 

I 

1-9 

1 


1 


That this expectation is fulfilled is clear from a consideration 
of Table X, while the close agreement between, the expectation 
and actual results obtained in the subsequent generations, as indi- 
cated in Tables XI &XIII, leaves no doubt as to the correctness of 
this interpretation. Plates XVII and XIX illustrate the different 
forms of petal arising in this cross. 

(3) Type 7 x Tyfe 3, — This cross, as far as the points at 
present under consideration are concerned, is in al] respects similar 
to the above. In it Type 7 lacks both factors and therefore pos- 
sesses the constitution rryy, while Type 3, as has already been shown, 
has the constitution RRYY. The results of the cross, which has 
been carried as far as the generation, are tabulated in Table XI Y 
from which the agreement is apparent. 

(4) Type 3 x Type 10. — ^The doubt as to the exact constitution 
of Type 10 as regards the petal colour, has already been referred 
to above (page 126). In the present case the pale yellow condition 
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oi tl)o petal appears to correspond to the white condition as iihis-’ 
Irated ia tlie above two cases (2 &; 3). This is illustrated by Table 
X\^ From this it would appear that the pale yellow factor is also 
{iresent in Type 3 which will be represented by the formula ,K.R Y YPP, 
Type JO having the constitution rryyPP. That this docs not truly 
represent the constitution of Type 3, appears to be indicated by a 
cross between Type 3 and Type 9. Assuming Type 9 to have a 
form rryypp we should expect this cross to produce plants with 
pale yellow petals. This, however, does not occur. For the present 
the true constitution of the pale yellow form Type 10 must remain 
in doubt until the examination of the cross between this type and a 
white flowered form has been completed. 

7 ). — The Leaf Factor. 

This character has been described in detail on a foimei' occa- 
sion (22). Opportunity for further* investigation has been Licking 
and the results there recorded need not be reconsidered in tins 
paper. 

E. — The Tf/'pe of brancMng amd the length of Vegetative period. 

The inter-dependence between the type of branching and the 
length of vegetative period is a matter of the utmost practical im- 
portance. It is essential that a plant which is to be cultivated on 
a field scale in the United Provinces should pass through the entire 
stages and produce an abundance of fruit between the time of 
sowing in May or, in the case of unirrigated lands, at the beginning 
of the monsoon and the end of the year. Under these conditions, 
if a remunerative yield per acre is to be obtained, the plant must 
commence to ripen its fruit by the middle of October at latest. This 
means that flowering should commence in the end of August, giving 
a maximum vegetative period, ■i.e., the period between the date of 
sowing and the appearance of the first flowers — of 80 to 90 days — 
a period which must be considerably reduced in the case of a crop 
grown on harani lands. Table XVI shows that in the monopodial 
types vegetative period is considerably longer than that of the 
sympodial types, and too long to render the cultivation of such forms 
on a field scale practicable. In crosses, therefore, which arc pro- 
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diiced with the object of transferring the long staple of the inoiio- 
podial Type 3 to a plant having the sympodial habit, a knowledge 
of the exact conditions which determine the length of the vegetative 
period is essential. 

In the axil of the leaf of the cotton plant there occur two buds, 
one main bud to which the second is accessory. Vegetative growth 
is effected by the development of a monopodiuin from either of 
these two buds. Eeproductive growth is effected by the develop- 
ment of a sympodium from the former bud only. Accord in g as the 
secondary branch derived from the main bud in the axil of the leaf 
of the main stem develops into a sympodium or a monopodium, so 

w ill the appearance of the first flow^ers be accelerated or retarded,^ 

in other wmrds, the length of the vegetative period is controlled 
by the form of the secondary branches. If these branches are all 
monopodial, the appearance of the first flower will be delayed until 
the appearance of tertiary, or even more remote, branches. If, 
on the other hand, the early secondary branches are sympodial 
the hist flowers will appear at a very early stage and the vegetative 
period will be reduced to a minimum. The extreme types are well 
illustrated in Plates III & VI. This inter-relation between the type of 
branching and the length of the vegetative period was first noted by 
Thompson (30) in 1841. A similar inter-relation has been indicated 
by Balls (1) in the case of Egyptian and American Upland forms. 
The same point has more recently been recorded by Cook (6, 7, 8). 
In the latter publication it is stated that all the branches that bear 
flowers and fruit before again branching come from lateral or extra- 
axillary (accessory) buds.* This statement is in direct contradic- 
tion to our own observations, according to which the main bud may 
give rise to monopodial or sympodial branches, gwhile the accessory 
bud when it develops, invariablyf gives rise to a monopodium.^ 

* See also McLachlaii Bull. 249. Bureau of Plant Inrlustry, U. S. Dept, of A.£?riculture. 

t In the Indian types. It is generally true of all types, but we have observed forms of G. 
hirsutum in which the sympodial secondary branch produces lateral sympodia. As the svmpo- 
diuraisitself built up by the growth of the main axillary bnd, the terminal bud forming the 
Hower, this lateral branch, which arises apparently in the axil of the loaf, is developed froni the 
accessory bud. * 

t See postscript, page Uiil. 
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111 flip types the difference between the two groups in 

whivh the secoudaiy branches are monopodial and syinpodial res» 
p(n!tively is i-eaclily distinguished. In the monopodial types even 
th(‘ ultimate aei'oiidary branches are inonopodial. In the sympO” 
dial types, however, although single plants are to be found in which 
no monopodial secondary branches occur, in general a few of the 
lowest of these branches are monopodial. Thus in Plate VI a 
single shor't monopodial branch is developed, and, similarly, one 
such branch only occurs in Plate IX. Plate VIII demonstrates the 
maximum development of monopodial branching found in the 
sympodial types but, even here, the type is quite distinct from the 
monojiodial tyjie illustrated in Plate III. When, however, the 
progeny of (‘I’osses between types belonging to these' two gi’oups is 
considered, every gradation between the two extreme foi*ms is 
found. In as much as, however, the change from monopodial 
to sympodial secondary branching is abrupt, tlui main stem 
is divisible into two portions, a lower hearing monopodia and 
an upper bearing sympodia, and this character can be con- 
veniently expressed as the percentage of the stem bearing 
monopodial branches. Thus 100 will represent, in this ter- 
minology, the full monopodial type and 0 the full sympodial 
type which, however, includes the forms with a few basal monopodia 


, such as are found in pure types. Plate XVIII illustrates an inter- 

;i mediate type represented by the symbol 70. It is clear that this 

;! ; determination can only be made at the end of the growing period 

1 and also that, to obtain such a symbol in any particular case, the 

; main axis of the plant must continue to grow. Unfortimately, in 


m 


practice, this occurs in comparatively few cases. Through various 
natural conditions, and especially owing to the attacks of larvae of 
Earias sp., which penetrate the leaf axil of the young cotton plant 
and bore their way down the stem, the main axis is frequently 
destroyed and growth carried on by lateral branches. In such 
cases, this determination is not possible, and it is necessary to resoi't 
to some other method for determining the character of the plant. 
Such is to be found in direct measurement of the length of the vege- 
tative period. 
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Tiie vegetative period kas been defined as the period between 
the date of sowing and the date of appearance of the first flower and 
may be measured as the number of days. This period is in itself 
definite and also is determinable early in the season. It is, however, 
subject to the influence of numerous subsidiary forces which make 
the actual figure obtained for the plant merely the net result of the 
action of these forces and not an exact measure of the true character. 
Thus considerable seasonal variations have been found to occur. 
These are indicated in Table XVI. A comparison between 
the figures there given and the chmatic conditions for the years 
concerned indicates that a delay in the arrival of the monsoon 
leads to a considerable shortening of the vegetative period, but 
that the period is also influenced by the strength of tlie monsoon 
is indicated when the amount and frequency of the rainfall is con- 
sidered. A strong and early monsoon with liberal rainfall leads 
to vigorous vegetative growth and a delay in tlie flowering period ; 
with a delayed monsoon the plants remain small and they flower 
early. 

The difference which is induced in the length of the vegetative 
period by these causes may amount to as much as a month or even 
more ; and the introduction of a seasonal factor becomes necessary 
in any comparison between cultures of different seasons. 

Minor disturbances in the length of the vegetative period may 
be produced by such causes as the failure of the earliest flower buds 
to develop into mature flowers. The bud withers and falls, and the 
true vegetative period is in such cases less than that actually 
recorded. 

The inter-dependence between the type of branching and the 
length of vegetative period may be indicated by a correlation 
coefficient. Tabulating the figures obtained from a series of plants ■ 
derived from a cross between Type 3 and Type 4, of which the type 
of branching has been determined, as above described, and of 
which the length of the vegetative period has also been recorded 
(Table XVII) the correlation coefficient is found to be '6628, while, 
for a sinnlar series, a correlation coefficient as much as '8589 has 
been obtained. The inter-relation is, therefore, definite, and the two 
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characters are merely two outward expressions of the saiiie struc- 
tural peculiarity of which the vegetative period, being most readily 
determinable, has been adopted in the prcvsent work. 

Balls (2) has adopted the same method of record. !!(' furtlim 
has traced out a certain periodicity in the appeai'ance of the siibs(}- 
quent flowers — a periodicity which has not been investigai ed i)y us. 

When a cross is effected between two plants, one of which 
belongs to a sympodial, and the other to a monopodial type, the 
plants of the generation possess a vegetative period which is 
intermediate between those of the two parental types. This inter- 
mediate position, hoAvever, does not correspond to the mean of the 
two parental values, but invariably approximates in a greater or 
less degrees to that of the sympodial parent. 

In the F. gene.i‘ation the plants form a contlnin>us senes in 
which every degree of length of vegetative period is obtaiiu^d. It 
is noticeable, liowever, that while those individuals of tlie b\, seiics 
which have the shortest vegetative period are in flower as soon as, 
or even before, the plants of the parental type, in no case does the 
vegetative period equal in length that of the monopodial parental 
type. In other words, while the full sympodial type appears com- 
paratively frecpiently the full monopodial type only rarely or never 
does so. The divergence from the mean length of the parental 
vegetative periods noticed in the Fj generation is here even more 
marked. 

Table XIX illustrates the point for 5 separate crosses in 
which Type 3 is taken as the monopodial parent with a prolonged 
vegetative period. Owing to the seasonal variation which has been 
referred to above, it is not possible to make a direct comparison 
between the successive generations of such crosses. For this reason 
the comparison must be effected indirectly by reference to the figures 
obtained in snccessivo years for the parent types. In the present 
case we appear to possess an example of parddal doniinaiu'e com- 
bined with incomplete resolution of the component factors in subse- 
quent generations, though it may be questioned whethci- such in- 
complete resolution is a reality. We are dealing iiero with a cas<‘. 
in wliich the experimental error of the method of recoitl is inde- 
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terminate, while, from numerous reasons, it is undoubtedly consi- 
derable. It is possible, therefore, that it may be sufficient to act 
as a masking factor. 

The plants of the F- generation of such a cross may be said in 
general terms to possess a vegetative period the mean of which will 
approximate to that of the F^ parent, from which they were derived. 
In other words, an F^ plant with a short vegetative period, will 
produce offspring which possesses a short vegetative period and in 
like manner those possessing a long vegetative period will give rise 
to F3 offspring with a prolonged period of vegetative growth. This 
is shown in Table XVIIL In the majority of families given in that 
table the average length of the vegetative period of the oflkpring 
approximates to that of the parents. In certain cases this figure 
for the offspring is considerably less than the corresponding figure 
for the parent. This is easily understood when the various influ- 
ences which affect the date of appearance of the first flower — e.g., fall 
of the immature flower buds — are considered. In a few cases only 
does the figure for the offspring show any considerable excess over 
that of the parent. This difference is not so readily explained. 
The difference does not become apparent until the F. generation 
is well advanced, and as, in all probability, the influences which 
produce this difference are such as affect the Fg plant in its early 
stages, it is impossible to ascertain them with any degree of 
certainty. 

Conclusion. 

In the above we have attempted to give an account of that 
part of our work which deals with the vegetative characters of the 
Indian cottons. Though these do not directly concern that portion 
of the crop which is commercially valuable, yet we have said suffi- 
cient to show that they are of considerable indirect importance. 
The habit of the plant is, as we have shown, dependent in great 
measure on the method of branching — and on this habit depend 
such vital points as the suitability of the plant for field culture, and 
the yield of ha fas per acre. 

The study of the commercially valuable portion of the crop 
is far more intricate and while a considerable amount of information 
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has already been gleaned, further study is necessary before it will 
})e possible to put forward a clear and succinct account of the 
r(\sults obtained in this section of the work. \¥e liope, liowevei', 
to be in a position to do this at no distant date in ;i second 
rart. 
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POSTSCRIPT. 

Since the pesent paper went to press a further note by the 
same author (0. F. Cook. Circular No. 109 , U. S. Dept, of Agr. 
Bureau of Plant Industry) has appeared and is mainly devoted to 
a criticism of our interpretation of the system of branching as 
here propounded. As this circular has reached me in England, 
where access to our detailed records is not possible, I am unable 
to enter in any detail into the points involved, I may, however, 
take this opportunity to deal briefly with the general questions 
raised. 

In this circular (p. 11) it is stated “some stalks are right- 
handed and others left-handed with respect to the position of the 
extra-axillary buds and the branches produced by these buds” — 
in other words, the extra-axillary, or accessoiy bud, will for a 
given branch, lie either to the right or to the left of the main 
axillary bud. This is in full agreement with our observations 
(Jour, and Proc. Asiatic Soc. of Bengal, New Series, Vol. V, 1, 
1909 , p. 23 ). The author proceeds to state that “ the axillary 

buds may be developed into vegetative branches The fruiting 

branches arise from extra-axillary buds ” The conditional 

tense here used implies that, if buds develop, they will give rise 
to vegetative branches, but that development need not necessarily 
take place.- 
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Assiiniiiig the correctness of these two statements^ let us 
see what must follow in-— to take a particular case — a ‘sympo- 
dial ’ plant of the Asiatic type of cotton. In such a plant, as I 
have shewn elsewhere (Jour, of Genetics I, p. 232), the passage 
from the lower vegetative, to the upper, fruiting, branches is 
abrupt and, further, when grown under normal conditions, a 
single branch only develops, the second bud at each leaf axil 
remains dormant. As the vegetative branch is developed from 
the axillary, and the fruiting braneh from the extra-axillary bud, 
and as the extra-axillary bud lies constantly either to the right, 
or to the left of the main bud, it follows that, when the dormant 
bud on the lower, vegetative, portion of the stem lies to the 
right, the dormant bud on the upper, fruiting, portion of the 
stem must lie to the left, and that, conversely, when the dormant 
bud on the vegetative portion of the stem lies to the left, that 
on the upper, fruiting, portion of the stem must lie to the right. 
Observation, however, shews that, in the type of cotton we are 
considering, the position of the dormant bud is constant through- 
out the shoot, a condition I am inclined to believe obtains in the 
American series of cottons also, though our observations of these 
are less extensive. It is impossible, therefore, that the two pro- 
positions I have quoted can both hold good. 

One further point only can be referred to by me here. On 
p. 12, a reference is made to the influence of environment on the 
character of the branches ; under conditions which dwarf the 
plants, few, or no, vegetative branches are produced while, under 
conditions favouring luxuricxnt growth, the fruiting branches may 
be replaced or transformed into vegetative branches. 

In the sympodial types, as defined by us, the extra-axillary, 
and even the lower axillary, buds remain dormant if the condi- 
tions of cultivation are such as to check growth. Under such 
circumstances no vegetative branches are produced. When, how- 
ever, the same types are grown under conditions favouring luxu- 
riant growth both buds develop, giving, in the lower portion of 
the stem, two vegetative shoots — condition incompatible with 
the second statement quoted—- and, in the upper portion, one 


Leake an© ram prasad. 


141 


reproductive and one vegetative shoot ; further, the Augorous 
growth of the vegetative branches leads, owing to the exclusion 
of light and air, to the dwarfing, and even to the complete death, 
of the weaker reproductive branches. Here the vegetative, re- 
places the reproductive, branch, but does not arise by any process 
of transformation, for the dormant bud, frequently represented 
by a weak or dead shoot, lies on the wrong side of the vigorous 
vegetative branch. A single ease only of transformation has 
been observed by us. It occurs among the Persian series of 
“ herbaceum ” cottons, and is referred to in our paper on these 
tji^pes (Memoirs, Uept. of Agr. in India, Bot. Series IV, No. 5). 
It is in this series of cottons that the widest range of diversity in 
form of branching is developed, and, in consequence, the series 
affords a valuable field for observation of the methods of 
branching. 

That environment is able to produce a change of habit is 
seen to be true for plants of the ‘ sympodial ’ type. When, how- 
ever, we turn to the true ^ monopodial ’ types, no such change can 
be induced. Under adverse conditions, no, or a single, vegeta- 
tive branch is developed in each leaf axil of the main stem ; 
while, under conditions of vigorous growth, two vegetative h7xmch~ 
es are produced. 

For the reasons already given I am unable to follow the 
author in detail into the minute structure of the branches. I 
have shown that the two primary assumptions are not supported 
by observation and that the change of habit induced by varying 
conditions of environment are due to the relative development 
of the two types of branches and not to any transformation of the 
one into the other. These facts point to the fundamental nature 
of the difference of the two types of branches. The reproduc- 
tive branches are admittedly sympodial in structure and it seems 
more natural to infer that they are truly such than to hypothecate 
a series of torsions in the earlier stages of development. 
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STUDIES IN INDIAN (JO'JTONS 

Table I. 

Type 10 (pale yellow) x Type 8 (full yellow). 

11 plants all full .yellow. 

Ratio flll^plants full .yellow. 41 plants pale yellow. 

Expectation 3 j 


Table ll\ 

Flower Colour. Type 4 (yellow coloured) x Type 6 (whit e flowered). 

f _ 68 plants all yellow flowered. ~~~ 

{ ratio plants white flowered. 


i'a plants used as parents 


/yellow 6,0 
I white 0 


dumber of oftspnug too small to bo a reliabl'o guide to purity of parent. 


Table HI. 


lype / .< iype.i 1 13 plants red 1 Pure yellows 

I on yellow, j Impure yellows] ... 

! Unchecked yellows t 

! Total yellows ... (i 
i White 1 


Type 10 X Type .8 
and reciprocal. 


j Unchecked yellows J 

I Total ,yelIow.s ... a 
I Whites ... 1 

oOplantjS red j Pure yellows 
on yellow. Impure yellows .. 

Unchecked yellows 3; 

Total yellows .. Si 
Pale yellows ... 1( 


... All yellows 
. Yellows 
Whites 


I All w'hite 

... All yellows ... 
... Yellow, s . ' 

Whites 


1 All whites ... 1 

••• i ^U1 yellow ... 

■■ Yellow.s ,,, 

Pale yellows... 


1 All pale yellows 


iEsper 
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Table IV. 


Parents. j 

OFFSPRING. 

iS'iimber, 

Character. 

Eyed. 

Eyolcs-s. 

14 

Eyed 

454 


1 

Eyed 

29 

10 



f2l 

1 

1 

Eyed 

1 6 Eye 

lightly 

1. shaded 

1 - 

2 

Eyeless 


34 

4 

Eyeless 

19 

181 


Table V. 


The intensity of the red colouring matter in the petal as an indication of purity. 


(a) 

Flower of .Fs parent 
recorded as 

Type 3 X Type 4 
lied 

Red on yellow 

Total 

Ratio 

Constitution, as determined 
by .Fa offspring, of the form 

RR ilr 

28 2 

35 136 

63 138 

1 22 

Total. 

30 

171 

201 

(f>) 

Type 3 x Type 9 

Red 

11 


14 


Red on yellow 

46 

136 

182 


Total 

57 

139 

196 


Ratio 

1 

2-4 



Table VI. 

The intensity of the red colouring matter in. the leaf as an indication of purity. 



Leaf of Fa parent 
recorded as 

Constitution, as determined 
by Fs offspring, of the form 

Total 

(a) 

Type 3 X Type 4 
Lamina 

RR 

61 

Hr 

66 


Veins 

2 

20 

22 


Ribs 

0 

116 

116 


Total 

63 

141 

204 


Ratio 

1 

2-2 


W 

I'ype 3 X Type 9 
Lamina 

59 

4 

63 


Veins 

13 

2 

15 


Rib.s 

9 

188 

197 


Total 

81 

194 

275 


Ratio 

1 

2-4 
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Table VII, 

Sap Colour. Types (red flowered) x Type 4 (yellow flowered), 
plants with llowers red on yellow and the red colouring rnattor oxIcnditiK to \ 


RR 

Fa Foliagfe (lamina) 

77 

Ratio 1 •! 

Used as I 61 Lamina 
parents f 2 Veims 


Reference to 
Table VIII. 


1 

RR 

(Lamina) 

1323 


ER 


Rr 

(Ribs or Veins) 
147 
2-1 

5 Lamina 
136 Veins 


Rr RR+Rr 


(Lamina) (Ribs or (Total 

Veins) coloured) 
832 1692 2624 

l-()7 2-lS 



RIM Rr 

rr 


(Total 

Coloured) 

224 

(Colonrloss) 

60 

1 


2(14 

08 

4 


- 

IT 

(Colouvle.s.s) 


(Colourloas) 

773 

1 00 


1245' 


F* Folia^je 
Rat io 

.A plants. A consideration of other charncter.s indicItlwThirr^T^ 

doubt Lither volunteer plants or have arisen through an accidental mixing of seed. ^ ' 

Table VIIJ, 


F, of Type 3 K Type 4. 


Parents. 


1 

OlTSl’RINt 




Column 

Serial 





Number. 

of Table 

No. 

l/rimina 

Wdns 

Cnlouile.'- 

C. 



vir. 


A. 

I{, 

(«) Selfed Series F 

13 

1 

1 

271 




to 

“ 

2 

104 



E^cpectation 


3 

3 

167 

373 

uVii 


is 

’4 

4 

IjO 

■l.'ii) 

nv 

(h) Natural Series Fi 

6 


5 

liis 

625 

203 


155 

120 

27 

37 

1 1 

6 

7 

8 

( 83 } j 
303 

1 7(i 




9 

10 


(50) 

493 


1 

; 


(3) 

132 


Composition. 


RR 

RR 

Rr 

rr 

RR 

RR 

Rr 


Table IX. 

of Type 3 x Type 4, 
PAliENTS. 

Reference 


Oprsprino. 


TablaVlII. I 


5 O 

7 A 

8 A 
8 B 

8 C 

9 0 


267 

182 

76 

94 

131 

16 


( 2 ) 

158 


(4) 

27 

( 1 ) 


86 

595 


143 

175 


Flower Colour Type 3 (red flowered) x Type 9 (white flowered). 
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^6 

(White.) 




(White). 

■ Si2 

i 

^ . 




(•noa.io) 

XS. . 1.1 

I '(3^**1 At) 

S| 

YY, ri 
Green 

tS 



•(a8a.i{9) 
ifA JJ-i 
AA -i-i 

1 '(avoiisa) 

i'i 1", M 

'S 




•(uoaifj) 

AA-T-i 

j ("onOA 



.1 



•(naorO) 
JiS. .u 

•(3^*1 At) 

SDffi T-( t-1 


0 

*^C1 

.0 

■(suieA) 

JiS. 

•(9pi{ja 

no p9a) 

S'! 


£ 



•(■cuiuinq) 

M 

•(9;}iilA\ 

no poa) 

as :e: - 

c:4 ^ 

Rllyy 

(Lamina). 




l>iS 

£ s 

03 o3 
£ 

0 ® 

£^ 

cc Si 





•(uea.iic)) 
U Ji 

•(3«*lAt) 

r- 03 





•( 1199.1 0 ) 
.Ca .f.i 

AA -i-i 

•(aioiioa) 

*■:- w 

CO 





•(SIII9A) 
AK jg; 

•(9'4UIAV 

no pb^i) 



? 



•(13UUUB7) 

Ai UIJ 

•(9(jiq.a 

no poji) 

9 H 

• 

Rr YY, B 
(Veins 

c 

0 

rs 

£ ■ 

ii® 


£^ri9A)‘ 
^A Iff 
AA Dr 
•(runuoq) 
^ARH 

A A HH 

•(AV0I[9j£ 

uopoji) 
•(p3a) 1 

‘ "I 1! - 

w 





•(noa.io) ' 
AA-*-' j 

•(,tton9A) 

®gli^ rt 




««52 

•(suiOA) 
AA -'a 

•(AV0l[9.t 

no pajx) 

N 


i 



•(nnum3T[) 

AANN 

•(p3a) 

tH 

(S’ 

P3-~- 




(uuhubt;) 

A A -jiH 

•(9)UIAV 

no paa) 


Pi| 

^ 1 

£ 

® xra 


•(Buimisq) 

AA 

AA aa 

*(p3a) 





i:: 

•(rurraEri) 

A A a a 

*(p3a) 

i 

•: : 




i I 



^ : Era 

Cl'S 

PqpR 

S 

S 

0 

0 1 
•s Ox 

Used as parents 

« 

1 

Reference for Tab 
XI & XII 

Ratio in each groi 
Expectation 
each group 




> Number of offspring too small for reliable identification of the gi 
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Type 3 x Type 9 (Selfed Series 1910), 


■aetc-r. 


Cojuposition. 


Number. 


llerl Lamina 
Do. 

Do. 

Do. 


IIRYY 
RIl YY 
RRYY 
RR Yy 
Expectation 
RR YY 
RR Yy 
Expectation 
Hr YY 

Expectation 
Rr YY 
Expectation 
Rr Yy 

Expectation 
Rr YY^‘ or Rr 
Yy. 

RR yy 
RRyy 
RRyy 
RRyy 
Rr yy 

Expectation 

Rryy 

Expectation 

rr YY 
irYY 
rrYy 

Expectation 
rr YY 
rrY’'y 

Expectation 


Red Vein.' 


Red on wliite Lamina 


Rod on white Veins 


Yellow 

Do. 

Do. 

Do. 


XVII 

XVIII 

XIX 

XX 


XXI 

XXII 


Number of offspring too small for reliable identification of 
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Table XII. 

1^4 Type 3 x Type 9 (Natural Series 1910). 


Reel Lamina 
Do. 

Do. 

Do. 

Do. 

Do. 

Red Veins 


Do. 

Red on white Lamina 
Do. do. ... I 
Do. do. 

Do. do. 

Redon white Vein.s ... I 


Do. 

Yellow 

Do. 

Do. 

Do. 

Do. 

Do. 

Whites 

Do- 

Do. 

Do. 


do. 


I 

I xn 

XII r 
XfV 

XV 

XVI 

XVII 
XVTII 

XIX 

XX 

XXI 

XXII 

xxin 

XXIV 

XXV 

XXVI 


Composition. 


RRYY 
RRYY 
RRYY 
RR Yv 
RR YY 
RR Yy 
Expectation 
Rr YY 

Expectation 
Rr YY 

Expectation 
Rr Yy 

Expectation 
RRyy 
RR yy 
RR yy 
RR yy 
Rryy 

Expectation 

Rryy 

Expectation 
rr YY 
rrYY 
YY 
rr Yy 

Expectation 
rr YY 
rr Yy 

Expectation 

rryy 

■r yy 
'r yy 
rr yy 


F4 Owspring, 


Red on | Red on 
yellow. ; white. 


6 

i 1 

•135 

3 


0 

; 4 

92 

8 


1 

2 

25 

2 


8 

*2 

95 

11 

! 18 

(i 

7 

54 

10 


5 

7 

40 

2 

1 16 



42 


1 14 

9 

5 

74 

llii 




76 5 

15.3 


ii 

s 

64 

143 




66 

182 


in 

' 8 

55 

m 

12 



68 

126 

21 

4 

13 

11 

5 

149 


3 




7 

14 

2 

10 

,86 

3 

9 

9 

2 

80 

18 

15 

18 

28 

93 





122 

*8 

10 

2 


28 

21 

■4 

i? 


*2 


5 

(t 


1 1 


8 

11 


(18) 


3 

11 


(13) 


4 

is 


2 


17 

18 


12 


i 

26 


... 


8 

16 


V 


6 

19 




3 

12 


1 



Yellow. 


81 

766 


16 

"1 

m 

225 

272 

69 

66 

90 

4JS 


24 

21 


21 

( 1 ) 

'18 


l.w 

144 

89 

845 

211 

29 
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Tablk XIII. 

F^Type 3 x Type 9. 


Bed Laniina 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Red Veins 
Do. 

Do. 

Red on white Lamina 
Oo. do. 

Do. do. 

Do. do. 

Do. do. 

Rod on wliite Veins 
Yellows 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

White 

Do. 

Do. 


Farhnts J '\ 


Compo-sition, 


RR YY 
RR YY 
RR YY 
RR YY 
RR YY 
RRYy 
RR YY 
RRYy 
Ri- YY 
Ri- Yy 
Ri- Yy 
RRyy 
RRyy 
lilt VV 
RRyy 
RRyy 
Rr yy 
rr YY 
i r YY 
JT YY 
n- YY 
i r YY 
rr YY 
IT YY 
rr YY 
ri-Yy 
ri-Yy 
rr Yy 
rr Yy 
rr Yy 
rr yy 
rr yy 
rr yy 


1 

) Referonoe 


Redon 

yellow. 

Red on 
white. 

Yellov\ 

. White. 





1 


1 


I (and group 

tT 


1 


1 

tl 

Ci 

•and XTI. 


G 

. 

C 


G 

G 


a 

E3 

1 

1 

“1 

•i 

® 1 





1 ^ 


1 ^ 
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Partly from natural seed, a few obvious crosses occurred but are not included in the above table. 
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Table XVII. 

The mterrelaliou between the length of the vegetative period and the type of branching 
Types X Type 4 . Field Series. 
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RJ5U RUT OF SUUAlUJANIi 


BY 

E. J. BUTLER, M.B., K.L.S., 
Imperial MyeokHjiM, 


I 




ua 


■■Affy 


.:\'N,II , 

ABIRJL ILUnz R 
tint Imfm'ial M 

The most serious diseuse to which .sugurc,me is subject in India 
IS undoubtedly that known as “ red rot.” cauaed fiy tin- fumuis Cd- 
iMr-whum falmtwm. Went. In 1900, a |)r<di,nina,T account of its 
characters and the damage cauised by it in Hengal. esp<Muiilly tliaf 
part which is now Bilun-, was published in these .Memoirs ‘ The 
most important conclusions there come to were that the disease 
ordmarily results in Northern India from tin; use of infected caiuw as 
• seed and that the most hopeful method of eheking it was hv 
careful selection of the setts at the time of jilanting. 

In a subsequent paper“ the advantage of this practice was 
emphasised, some striking illustrations being given. Itorther ex^ 
peiieuce has only increased the evideiiee of the value of sett seleetiou 
which, while not an infallible preventive, is o.dinarily instrumental 
in greatly diminishing the incidence of the disease.' .It is worth 
considering this evidence in detail, since infection from diseased .seed 
lias recently been denied by American" and West Indian* writers. 

N,!';’; uio«,"""“ ""I"- ■'s'i'- i" 

K Fd . ?"* '*;■ ■'’"M>nva.nc .•utling.s. Agrk. Jourii. of (I, 

l!M 1, ](. 'l'?r r'Rl rol uf .sojvareaiip. Louisiuiui Ai'i-ii;. KxjM.p. NIm. Bull, cki, 

Nuwb. .Xll, N^o.. 
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liED KOT OF SUOAH.OANE. 


BeTT .SELE(T.r:i'O.N., 

In 1906, alt(mia,fce row.s of diseuwod ;ih<l lu'jililiy Kt‘( is of ;i 
Madras cane, known as Yorm, wero p!an.U‘<l af Pnsa, Id'lnaiary 
26tli"27tli. Prior to planting, the presence oHhlfdofrir/iinH jah'afimi 
had been determined in a large proportion of tin* canes from whiVh 
the diseased setts were cut. By the 6th week after planting a, 
decided difference was noticed in the two lots of seedlings. Plios<^ 
from diseased canes Avere withering in eonsidcj’ahh* nuinhcrs. 
GoUetotneJmm fahatimi was found, in pra<dicnllv f'asc 

examined, in the young shoots, usually in tin*. niy<'ciial ('ondition 
but in several instances producing s])or(\s a.t iJu'. basal mub's. In 
this, as in other cases where it was nceessary lo de<(n*ntine the 
identity of the organisms present in dis<!as('d eaiu*.. considerabh^ 
use was made of the method of incul)ating aseptieally nnsioved 
slabs, described on page 8 of the Memoir abov(* referrtal to. W'hitc 
ants, which are a frequent cause of injury to cane se<‘djings and 
which complicate the diagnosis in man)'’ cases of fungal attack, 
were absent from this particular crop, probably bt'causc ihe field in 
which it was grown was liable, to Hooding. tSpharnnriHa (Kfipus-Xfu. 
a fungus which is able to attack cut setts but not uninjured t;anc. 
and a parasite belonging to the. genus Ceph(doiipor/ifin, which wiii 
be described in a subsequent paper, were found in a. hwv <“as«‘K. 

The field in which this crop was grown had wot hiHU} tuuh'r <'unc 
in recent years and no other cane had 1)(‘efi, grown ila* j)revions year 
within about half a mile. There was, thesrefore, no reasonable risk 
of external infection and certainly no possibility of sm-h an inleet ion 
as would lead to the death of many plants in t;lie ti'enelnss jdanted 
with setts from diseased cane, while the alternate, si.rii'tiy eojupa ra ble. 
trenches with healthy seed escaped. Tlio piiotog!’a]>h ref)rodne(‘(l 
as Plate XII in the Agricultural Journal of linlia for 1907. shows 
the appearance of this plot on May 17tli, ami could ha.rdly be. more 
decisive. Under the microscope it was easy to trace. tiu», fungus 
from the setts up into the young shoots, and' tliroughout- April anti 
May continued infectio]! of the young shoots from their poiuf’ of 


iiUrJuEE and 1JAPI2. |,y, 

shoot, was 

< onnted m the tmielies numbered 3 to 18, of which the odd numbers 
'Hue from healtliy seed aud the even from diseased, tlie losult bein<r 
0/.) and 117 respectively. The crop was lost by a severe (lood in 
AiigLiHi,. SO that the final result cannot be given. 

In 1907, the experiment was repeated in a field not subject to 
hooding ten trenches being sown on March 7th with the varieties 
btriped Mauritius and Red Mauritius. By the end of April the 
msults were as striking as in the previous year, but in Hiu- 
"lany shoots withered in the trenches planted with healthy seed 
of the Ke, Mauritius variety. This variety was taken from a 
diseaseil held and. was .so generally infected that the ratoons uearh- 
all died out. .It IS probable that immy of the aiiparently healthy 
canes contained (UMeMMmn, for. as will he shown below, while 
reddening of the pith is a sure indie, ation of disease, unless the c.anes 
liave been meohamcally iujumd. absence of reddening does not 
uiways iiiiply Ireedom from if. 

In 1908 the came selected was again Red Manritiu.s, which wim 

TW nr “ft i" ■•‘11 tJ‘e tre.nohes, 

he condi 1011 of four rows. Nos. 1.2 to lo, on May 30th, is graphically 

'triolTn 7^" 7='"^ «• 

: . ws and .14 were from diseased, seed, rows f 3 and .] .5 from healthy. 



liesidcs these comparatii e e.vpeiimcnts. the main croo of 

"" 1'*"" >». I .v..* .„,.™ 

■mt, c,vccptiug the season 1907-08, which will be sciiarately con- 


lol 


]{.TSD RO'r OF StTOAJtOANK. 


sid<*r(Mi OS the. oaiK^ was weakened l)V ;ui niiack <d siiiiarvaiH* liy. 
110 sei'ious outbreak of red rot has oeeiirred s'nire lUOo iHl 1 hr 


disease is always present and was fairly ba<l in V<‘rra in on 
and in Red Mauritius in l9(H)-07, in botli (‘a.s<‘s aceumiiial inn in (hr 
following Ist ratoons so as to destroy most of lli(‘ <-rop. In RJOH O!) 
it was difficult to find enough diseased ('a,n<‘. to sujiply cuHiires fur 
(experimental work. In other years we ha.v<* had o to dis<‘ased. 
These results are probably better than in any otlnu’ (Estate in Ifihai'. 
though recently several estates have adopted sett. std(‘('1 ion. In onr 
such case, that referred to on page IDS of tfn‘ Agj'ieulinral Journal 
of India for 1907., a very severe attack of r(‘d ro1 orcui’red in l9or). 
Sett selection has since been carried out as a roiiiim* practine and 
tlie Manager reported retamtly that In* has now no disrase in his crop. 

At the Samalkota Sugar Station in Madras, sihi sclccfinu ha;- 
i)een regularly carried out for the past ten y(‘ars. at 1h(‘ instanc<‘ of 
Dr. C. A. Barber, now (iovernrneid. Sugarcane D.vpcrt, Madras. 
Dr. Barber was, we believe, the first to adv'ocatc ibis imJhod of 
fighting red rot.' ' In the beginning ii was comhin(‘<i wilh 
pickling the setts in a, strong mixture of lime water ajid 
(‘arholic, with a view to cliecking moili-lioiHu* and tin* (hicmis 
land Acanis “rust'y but this was suhstMjiumtly not eonsidiued 
uecessary. In 1906, Dr. Barber stat(‘d that it was not po.ssibh* 


l)y the mere rejection of i‘ed-marked s<*tts to root out tin* di.s(‘ase". 
In spite of all (‘are all ])iit two of the. local kinds W(‘re found 
gradually to beconu^ worse, until tin'.y had to h(‘ icplaced hy jh‘\\ 
seed from outside. Once these had beem discarded, Imwi'vm-, hctt<‘i' 
results were obtaiiud. Tims the 1907 report states that s(d(‘ction 
had a satisfactory effect, disease l)(*coming less <‘very year atnong 
the best varieties. In 1908, a sev(‘re storm at tin* «‘nd of S(‘ptember 
was followed by withering of a good tnaiiy can(‘s. Both Dr. Barlnu 
and the senior writer saw th(> mop in, tlie following ffid.ruarv and 


1 SugiiroAiU' ia tlH! (((xlavari ami (tatijant DMiicts. l),-}>t. ,a |,an<{ la-onn aiul \-M-i 
(‘iilture, JtadmK, Hnll., Vol. II, No. 4:{, 1001, p. J.SS. 

Ikvbor, (.‘. A. Scionlifio Ro])orf. of Samalkota AtidciiKural Station for t!i.> 
(‘ndinjf Olst, Marah, 1900, p. 25. ' 
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iiKwed ill considering it remarkably free from red rot, and in liolding 
the injury to the roots caused, by the storm responsible for most of 
the damage. A¥o also found evidence of the. existence of a rool. 
disease not previously laiown, which will be described in a, subsequent 
paper. In 1909-10, red rot wa.s still present on the.farm but to a far 
less extent than heretofore. In 1910-11, very little disease was noted 
either on the farm or in thenui'sery, though it was still fairly preva- 
lent outside the farm. In 1911-12, red rot was present only to a 
•small extent, though found in nearly all the varieties. From these 
records it is clear that red rot has not been stamped out by sett 
.selection. It is equally clear that the disease is much le.ss prevalent 
than m the early yearn of the existence of the farm. The farm 
was started as a result of a disastrous outbreak of red rot in the 
Godavari Delta, which threatened the extinction of cane cultivation 
m that area. It is fair to assume that the local varieties, wl, ich w,hv 
at first grown, were very largely from diseased stock. So lone 
as these varieties were retained, sett selection did not idve satis- 
factory results. When they were replaced by other, couqiaratively 
liea.ltliy varieties, sett selection was eifective in Iveepinjr tlie disease 
imder control. 

., neces.sary to consider why sett selection has proved 

moflcctive in checking disease when the seed was taken from a 
severely diseased crop. 


In selecting .healthy setts for planting under field conditions 
reliance must be placed, on the absence of obvious reddening of the 
pith, visible at the cut ends. Disease was severe in the Pusa crop 
of 1907-08 and the opportunity was taken of testing how far this 
.method could, be relied, on. On November 21st, 1907, (> emuvs w(m“(‘ 
selected which, on cutting into lengths, were found to iuiv(‘ reddeiKMl 
mternodes above and below, but in the middle to be free from obvious 
reddening. In 3 of these, careful examination with a hms tvvealec! 
one or two fine reddened points, corresponding witli the cut cuids of 
mudl bundles; the other 3 appeared quite free from discoloration, 
blabs were cut out aseptically and incubated, and the presence of 
(Mletotrwfmni fakatum was demonstrated in one of the six. On 
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XllE INFJirnON OF .SOliNO SFT'r.S. 
were no other method of |)orpe(.ii,-i( in}r rc 
seasod seed, one could, of c(iiirsc. Nl,ini|i i 
hove filets. This l)riiij,',s hk („ (I,,. 

ColkMi-irhiiw Idnilmi,. iu,d of I he im.a 
Mnmgau entry in|„ [,mvic.u.sly li..i(liliy 
tuldy (h,scu,s.s Mm furtlmr hm:i,smvs for ii 
'>f exteriiiil itouditions, such ii.s lh<' iillm 
1)7-08, on the prevalonce of the diseu.se. 
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As was ]x>mte(l out fomieiiy/ this fungus is not, in N'ortfnnn 
India, provided with as suitable a mechariisiu foi.* spore distribution 
as .01 the case with inost parasitic fungi. As long ,„s the cam* is 
gixiwoig, there is comparatively little risk ol; air-boj.me contaniinatioii 
.roin the stems of diseased plants in the crop. Dead and rotting 
canes ai-e, however, frequently well provided with spores. Ihioi” 
inoiis numbers are often found in the pith cavities of old canes, 
fhese may contaminate the soil or get into the irrigation water. 
Ihey may thus reach the newly planted setts. Sevei’al experinumts 
liavc been carried out to ascertain Avbether infection (.)f soniul S(‘l ts 
may ta,ke place in tliis manner. 

In pos .'I, Mliort trenoli of J’ln-ple Ma,iiiitlu,s can.! was plant, ai 
on 7th, the setts :ia oue-lialf heiug proviovisly dipp.!,r into a 

.suspension of ColleM-rickmi .spoTOs, fj-om a. pu.x! ciiltiire, in .listilled 
water, ttn .Vpril ;iotli there were i;i living ,sli«„ta l,„.|onging t.,, [o 

sette m the uou-inocnlateil half and ,i belonging to ,i s,'.tt, s in the 

inoculated. ‘ 


resnli f "" •' i" lfO», gave coniiictiug 

les dts, both inoculated and control canes showing a. imniber of 
withered shoots after two inonth.s. On May 14tli (.here were .Ui7 
realthy shoots and 27 wit:her(!d in the control trench and ,174 healthy 
.ind 40 withered ,iu the inoculated. White ants ivere bad in liotl',, 
but there was also evidence, that (JoUemrMam luni .reached the coii- 

im ,n iT of labourers, win, walked 

up and down roni trench to trench during the irrigation of the crop. 

ca,ne behn ,l™vious year wa.s repeated, the 

In th was slightly better 

iiwenlated trench and on May Srd there 
were .320 slmots in the fornier and 304 in the latter. 1,'lie control 
trench winch, .nnnie.liatelv adjoined the, inoculated one, .levelopcd 
<M ,,.t as in, til,, previous year, probably from, infection .liirim- 

s pa ate ,l,s(,r,bntary, was, therefore, also .selected for ,.„n,parison 
■ n ,luue 2lHtJ.|iere ^ 23^ healthy .shoots i,!i:i. i„ (,h,, 

' UuMoi', E. J., lac. oil., lUUO, p, i(>. ~ 



iiKH/ulaJed trcJicli, vvliikvt}]er<‘. were, ;M() in th(M^t)nrr treneh :iii<} 7S| 
in llu‘, treneli further away. 

A form of CMeiotrieliunh wliieli is Inily parnsitif 

(jn the leaves of .sugarcane, wa,s de,seribefl and figmvd (ni page and 
plate JIT, fig. 9 of the previous Mxnuoir, aaid has also Ikmhi found in 
Louisiana.' The ability of this form to cause typical nsl rot when 
introduced through setts has been demonsti*ated, a.s th<‘ following 
experiments .sliow. As these experiments have a <iefiniti‘ iaairing 
on the que.stion of the propagation of tin* di.sea.sc* tln'ough tlie .sett.s 
they are included here, though the hvif form of Ihe fungus wili lu* 
more fully e.onsidered below. 

On December 5th,, 1907, 21 eaiu's of Ihal Mauriiiu.s we!'e 
ino(mlate(l froiu a pure culture of the parasi{(‘ shaken up in 

di, stilled water, 'riie inoculation, s wei'e <loiie by reiiioviug a cylinder 
of caJie at a lower internode with a smaJl stt'rih* cork Ixu'cr. insert ing 
.some of the culture in the wound an<l i-c^placing the cylinder after 
cuttingapicee()ff theend witha llaiue<l knife, .so a.s to leavr* a i'avity. 
The stem was thcti bound with line .sterile gulta -p('reha .sln*(‘f itig, ( )n 
March Oth, 1908, the inoeulated eaiu's wt'n* <*ut and (‘xamiiied. Otie 
had been damage<l by a jackal and was discarded. The olljers were 
outwardly sound. With 18 of the.se a. trench was planO'd on Alandi 
7th, the canes being cut into the usual setts ('a<‘h with three eye.s/' 
In cutting it was observed that obvious rtHldening td’ the pitii oeeurred 
ill from 1 to 3 internodes abovi* tin* S(‘ai of inoeulai i<m. Tin* remain- 
ing two canes were exaniined miemseopieally and ihe presence ttf (H- 
ktotr uikinih QiomomtmUd. A similar tnmch was planbsl alongside, 
with sound setts from the .same plot, to .seina* as a eout rol, 'riici com li- 
tion on May 30th is shown graphically Ix'low, Led rot was sevauv* 
in the inoculated trench and practically ab.sent in the oilier. 



ImHMltded cane 



Contra/. 



I Kdgopfcou, 0, W., loc. cit,, p. 4, .1*1, I. 
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Oil Alaivh 7tli, Il){>8, a, siiort tmich of Purple Mauritius was 
piaiiled, iiali; with setts dipped iiui pure suspension of the i(‘a,f form 
of (JoUMot/nchimu tlie other half not inoculated. On April 30th, t5L> 
healthy shoots belonging to 50 setts were found in the hittcu* iind 
30 belonging to 26 setts in the former. Germination had laaui 
approximately equal in the two halves. 

On March 12th, 1910, half a trench was similarly planted with 
setts of Ashy Mauntins, dipped in a pure suspension of the leaf 
form of Conetotriclmm. Germination was better in the inoculated 
than m the control half, and on May 3rd there were 182 shoots in 
tlie tormer and 130 in the latter. On June 21.st there were 77 healthy 
and 80 withering shoots in the inoculated half-treiicli while the 
control half-trenoli had I.7B healthy and 55 withering. A.s already 
stated the controls this year developed red rot, probably from 
mtection during irrigation. A full trenel, of the same cane near by 
but supplied by a separate distril.utary liad, as aboim mentioneii 
on tins da,te 784 healthy shoots. 

In all the.se cases the prosenc(> of CiMfMrwhiim was ilemon- 
Strated m several of the withering shoots, and they establish fiillv 
that true red rot can arise from infection from both the stem and the 
leaf forms of the fungus tlirmigh the planted .setts. Not only is the 
disease perpetuated by planting previously diseased setts but 
healthy setts ca,n be infected at tlie time, of planting, if reached by 
(.he fungus, and, no doubt, sub.sequent infection from below ground 
(iau also occur. It is well known from previous work that the fimaiis 
can enter at wounds exposing the pith, such as the cut, end,s of the. 
•setts, and, as will be shown below, infection through the roots also 
readily occurs. The coiir.se of the infection up into the stem can be 
traced m many cases and direct coimectiou between the rayceliiim 
m the sett and that in the new shoot established. Racihorski> 
has very correctly described the passage of the disease from the 
fHnnt(H.! Hott lip into the young shoot. 


c, v.,l., .tv,, ..s,, it,...,.,., 
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TlOi) INREOTIOK OF <MlOWfNO‘ tfANEH. 


It is geJierally stated by workers oiitsi<l<', hid hi. Hki.( red roi 
l-’roqnoutly arises from wound iiif(M‘.tiou of iJie. stem uf ihe esne, 
.•ifter it has diweloped far eiiougb to ia* <«x{)os<Mi to the ajt.'odvs uf 
stem horer, tliat is usually in the sia-oud ha, If of ils giewlh {K*riod. 
Some observers even hold that this is the only way in whieh the 
disease ean arise. The results of nuuuu’ons iuo('iija,t ions, indef'd. 
fully prove that (;anc can be artihcially infeclcd through, woumls 
similar to those caused by insects, .hut, a,s was dcdiuihdv stated h\' 


Prmsen Ctoerligs' in I8<)8, wound infcctiou will not su(lici(mi.ly 
explain every case of a,ttack and we lioja^ t.o show that in Nortinnai 
India it is of secondary importane<*. 

Went, who first described tJu^ disea, S(^, <»btaijie<i sn.a'es.sfnt 
inoculations by puiKjturiug th<; riud w.i,t,li a, iim maMljr ;,nd inserting, 
couidia ol; ChlhtolM Tlu' infe(.d,iou was, how(‘V<‘r, loealised 
and after :30 days \eas (fliielly (‘oidiued t.o the, iuoruIa,h'd, inferuode. 
traces only being found in the tavo liigjun.’ up. Atj.(mi|)t-s to inoeiihite 
the unwounded rmd faihal, (HXta'.pt. wlum way U)img intt^mudes 
were selected. Went com.dudes that, natiiriir infeetion oe-mir... 
cluolly through the holes made hy horiug iiisee,|,s, but find tla‘ piaee 
oi .uiscrtion of the leaf sheath a,t; t-he node is also pornu'ibh. 
Howard, ton years later, dese-ribed the ivsidts (d* inoeulationx 
with the same fungus in tlu^ West Indies. When wound imMuilm 
tions were made on vigorously growing (‘.a.n(‘N about, n months old, 
the fungus was found to hav(‘, iufe(d,(al om^ or two iuternodes only, 
after two months, hi fully grown ea.ne, during the rip(ming period, 
lowever, infection was much more complete,, up to I8 imdies of the 
pith being invaded in less tlian a, month, in oiu', series, iinamlat.ions 
at the loaf bases w^ere successful in. some (’.asi^s but failed in othm-s. 
Uw^ton-Brand did a limited iiumlau.- of inoc.ulations in Hawaii in 
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I90()-07. Worinfl inoculations on tlie stem of Yellow r'iiledoniii 
(Wliite Taniia) ca.nes were jnade. After two months the ijioenla.te,'l 
mternode was fmmd to ),o, infected and there appeared to be imii- 
(nations that th(' disease was spreading through the nodes to ih<. 
intemodes above aiul b.dow. Ten months later, no further progixsss 
had been luade. Presumably the inoculations were made on yomm 
plants. Infection through borer holes is considered by this tyiiter 
to be practieally the only way in which fre,sh attacfcs arise, but the 
propagation of the disease by planting diseased .setts is accepted. 
Mgerton' reports a very large series of inoculations in Louisiana. 
He slates that tlii' disoa.si^ s|)reads from the point of imxadation np 
and down tlirough the cane for from two to five joints during tin- 
.season, but is not visilrle externally. Sometimes, liowever, if Ihc 
.stalk ts inoculated very young, tlie growth of tlu' .fungus is so rapi<l 
that the whole stalk is killed, but this is not usually (he ,-as,a I,,- 
teotiou through borer burrow.s is stated to be by fai- l lu^ commoiu'.st 
c, au.se of the disease. Infection tljroiigh the lisif liases and ( he root^ 
let buds at the nodes is considered po.ssible bu(. was iiol proven 
Infection through the planted .setts is denied. .Selection of setts is 
advocated, not becau.se they can eai-ry red ro(. h.il I, ecu use the 
l■e.5ulting crop .should lie superior if only healthy seeil is used. 


Quite recently the results of inoculation I'xperimeuts by .Smith 
and Duulop in St. Kitts and Barlaidos, are , hi, scribed in the' - \.rri- 
eultural New.s” (Yol. XII, Nos. 2S(i-7-,S. [913). In the .St Kh.ts 
experiments wound inoculation, s at the nodes and intemodes caused 
hmited mfection, which ceased to develop after aliout Hie lir,s( 
nioutli In the more susceptible canes the fungus .sju-ea<l ipiickly 
lirougliout the entire iiitemode, but did not penetrate the joints 
I lie c.aue was strongly growing VYliite Transpareut, seven montiis okh 
luoculiitiou,s oil the leaf scars and between the leaf sheatlrs and the 
■steui tuilcal .Attempts to infect cutting, s gave more complicated 
lesulfe. All the juociilated cuttings wore roddoued throughoiil 
after S3 days, while only about half the controls .showed reddenim. 
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(iful genenuiy a wmte strand aJoiig tju‘ skIb rrom sxhU'h lh<- sliuot.s 
aroso. Of 30 moculateil cutting, -i s growing |j<)in|,s wciv foiui.l 
to Inarnuuliseased ; a shuiki; coiuiiti()n wjik olwcrccd in ( wo ronl rok. 
in one inoculated nhoot OolleMrw/mm was ideulilli'd. 'I'lic I'oiilrol 
skoota were mote numerous, weiglied more and were gmier.illv more 
liealtliy in appearance than those from iuoeulaled <'utliug,s. In 
Barbados, 40 setts each of White Transparonl., Boiirl.ou. I! 147 and 
B 376 were inoculated before planting, a. j.arallel .set beino grown 
as controls. The inoculations took, Imt growth wid.iu (he sefi.s 
was slight, the discoloration being oiih' yi.sihle for al,ou( ;i by ' 
inch round the wound after 6 weeks, 'I’iiere wa,s no delini(,' .sign of 
penetration into the l)ml,s at this period. .\f(er 1 hre,> nimd h,s I'heiv 
wore 7 withered .shoots in the controls and I.T in ima-ul.-ded 
cane, OoUMricImm l..>, found i„ (|„. diseased grmviu- 

tips. The healthy shoots were cut off from (he iumadaled wt(s by 
the formation of a woody partition. The authors eouehule lha'i 
the fungus is a facultative wound p.arasil,.. infeel ingehielly thnand, 
wounds such as borer holes, and nof ea.iTii.d iido (he vouno .sho.ds 
rrom infected setts. ‘ 

Since it is fully (‘staldislie 
ficial infection, experiine,nts wei 
tain how far this is a 

tically the only wounds whicli open a pa.ssage direet („ ,he pi, I, 
are t.ho,se due to the various stem borers .so eommonly found in e 
Ihese wound., were te.sted for sey,'.,...,! oeeasi„„s ' 

In Novemher, 1907, when red rot was preialeid at I',, „ 
canes with borer holes were examined by eiiltimr md .seuli'' iV' 

Mcmity of the hole. On mcuhatiou none <-aye c / -i 
In the same month the following year ,he e.xpettmen, was 're ''tp'',',' 
with 9 bored canes. The -result was again neeai iy,. | „ . 

1909, 12 bored canes were similarly examimsl ats-mia 11-, ( ' '''! ' 

•sameresult. In addition we hav<;^ex., mi ■ 

bom-hood of the holes in bored canes on inanv" "rf,!'. 


«tem woundi 
ca.i.Ti(‘d out wit!) ,• 
comniouorigiuoflluMiisfNi.s.* in 
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'■r„j> Kiiiroriug moiv, or loss soTOrely frojn rod nrf iuirl have not 
a, Ido 1,0 .satisfy ourstdv«.s in any ease, tliat tlie ,li.s,.a.so. had 
onj-inal,o.(l at the liona: hole, a,n(l not elscwlunr. Yet we, ar,' 
satr.Hli,d 1:ha,t tlie.i,'(> a,r,^ otiiur methods of infection than from ladow 
aiKi. nuiy .mow Ixi considered , 

1 r, '1'"'^'' “fei- to infection through the scar 
eft w hen the. leaf slieatks brciik away from the stem. In Decoinlier 
.H»07, 20 .Red Mauritius caue.s, almost fully grown, were inoculated 
the, .scar left hy pidhng oil a leaf about the centre of the stem. 
.I.h(yea,ve.s were old and came, away readily. The inoculated 
portion wa,s kept moist for about 24 hours by covering with, moist 
sterde. c.otton wool. After three, mouths the cane.s were examimsl 
One was damaged by a jackal and was discardeil. In 3, ae.wvuli 
ivitli spores of CattcMi-tuhiiM jainttiiiii were found on the suilace of 
the sear. In ,1,1, tiiere wa.s no reddening of tlie tissues ami no sign 
of penetration. In 5, there was .slight reddening at o.i- near i.hi‘ node. 
No liyphm, however, could be found an<f on incuhuling slabs, cut 
.so as to include the reddened parts, no CitUHotTirhinn devtdoped. 
Uven in the 3 oa.ses where the fungus had fructiiied on the spot, 
no penetration oc.cinM.‘e(l. 


,Ai ilie cane node there ai'e tw() <)t;ju‘i* j)()i]i.t,s ()f (HsiioiitiMuitv 
ill itu‘ I’iiul, wliert^ the slioot Imd “ (‘ve ’*) comes through 

and where th(‘ eyes of th.(Mid\nYn.titioi!M The.scf win'e 

i'ouud 1u admit the fnngii.s readily, in April, 1912, 12 Imds of 
Sa.ni.sara (Jane- were injured by rubliing with the fingews and 
inoculated witli spores and mycelium kept moist by cotton wool 
as before. One was examim'd after three days and the livplite we-i'i* 
IouikI Io hav(‘ {)(metrat<.jd the hvid and to be growing vigorously. 
Alt(*r <'l(‘V(‘n. days anotliei* was examined. The myceliuiu \vas still 
confimsl to th(‘ hud, which was nuich, reddened. A weidc lat(‘r 
ihc inst W(‘r(‘ yxa-mined. Ail had taken the infection well a.nd 
in S(‘.v(‘ral the hyphm had alri^ady entered the main sttmi,. Injui’x^ 
Io lht‘ eyi' Imds, especially as tlie cane approaches maturity, 
is iin.joi'tunat(‘ly only too common, and the fungus can, iwidily 
j.Hmetralc, il siic-b buds become (mntamiiiated. Tlu' uninjured 
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Imil iK less rciuliiy inirotcfl. lniioiiktioii.s in,i,,|,. |,y |.Iiirini; uii (he 
Imd kcmIi's, ill a luoisl', atimispliiii'c, fci'sli iii’iirviili with ,s|i(iri!N, fiDin 
a piii-u i.mltiiiv, sliowoil little progrcuM at tin- end nf a inoiitli. 
Tliere was a slight roddeuiug of tiio seale, esiiecially along llie 
luiirgiu and liypli® we.re imineroiis in tlie reddened jiait. The 
underlying hiul layers were only faintly diseoioiirod and very lew 
hypiiio had entered them. The deeper layers of Ihe Imd were, puile 
ITco. The buds weio swelling at the time of inoenlation and the 
progress of the infection was .so o-ttreinely slow lhal it is doiilitfiiJ 
if the young .shoot could be reached before the outer layers had 
withered or lost eontoot with it. This i.s in harn.ouv wil.li our 
general experience that iniinjiired young shoots are ' not found 
attacked hy red rot, nnle.ss the parent stem is also infeel ed. 

llie adventitious root eyes are iiiiieh more ea.sily lufeeleil 
•tirelvo .Samsaia canes were inoculated, in 1 li,. .same, mimi'ie.r as in the 
last opernnent, on April loth, IPlo (he root orighis i.eing pronii- 
nent but quite sound and uninjured. (Jn the :>4f li, !l wm-e e.xaiiiined 

and were all found infected, the hyph® being well established .■md 

growing in tmvards the pith of the main stem. 'I'|,e e.xperimeni 
was repeated on May 22nd, IhlX |i’o„r perfect ly |,eiil( lu- ea.ies of a 
thin variety which had a good ilevelopment, of I'o.inu,' clean a.|- 
veiititioiis roots, varying from about one-oigbt.l, of an' inch to one 
inch m length, were inoculated in the lalioraton- in the niiin.ier 
described above. The cultiu'e used was live days'old and Ki root.s 
m al were niociilatcil. (hie root, was seetioiied after a week ami 
toiiud to have taken infection well. The jienetratioii of the hyiilue 
nito the trssues wins clearly visible and is shown in lig. |;,,dd'eiiinu 
had o.xtended down the root and penetra.t,ed aliouf 1 ,1 mm into the 
mam stem, (hameteristic liyplim of CWfctofevic/m/n. were found in 
the retldened part of the stem. Two da,.ys later .‘i num,. roots were 
exauuned, and the sanio eouditions found. On this day the rind at 
the base, of the root was found slightly iliscolonred and Ihe dis 
coloiution e.xtended dining the following days, luitil it was e.leurh- 
visible externally m all the inoeulatiomi. The normal ,lark green 
colour of the rind changed to a dirty mottled red, which .spread 
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:u yomcally elongated streaks and, at the end of the 2nd week 
•■ntuely surrounded the node and had extended for an inch or two 
■ibovo and below. After twenty days several inooulated roots were 

“t f “ quantities of hypha. 

» eie found passing from the root to the stem, not only alon^the 
vasou ar tissues but also laterally into the stem parenchyma in all 
directions. Pig. 5 shows the conditions at this stage. The stems 
were spht longitudinally a month after the inoculations and were 
found entirely infected, the characteristic pith discoloration with 
fransyersely elongated white blotches, being well developed. 

b urtlier inoculations were made on .lime 3rd, 1913, on the feedine 
roots of wyli-esteblislied cane plants growing in large culture pots 
soil. I ho .sod wa.s carefully removed until the roots were expLed 
and these were inoculated by .sprinkling with a .suspension of spore.s 
lom a pure culture, care being taken not to injure the roots. The 
son was then replaced, liiter sixteen days two of the inoculated 
roots wore e.xamined by sectioning. Hoth .showed a small area of 

wls foimd 1 T ^ gi-owfng point. Penetration 

y f und to have occurred here. (Pig. 4) and the liyphai were 
e.xteiidiug freely m the tis.sue.s of the root 

the p,isl ten years, we have met with a limited number of 
< uses lyhere natural infection had occurred through .some part of the 
s eni above ground and where the base of the cane was unaffected, 
c limy, 1910, a Khan cane was examined and was found 

f “f iu the 6th and 6tli interiiode.s 

hom the base, the lowest internodes being cpiite free from reddenino- 
hypliai. At the node between the two infected inteniodes there 
was a broken shoot, distinctly reddened in its interior. Charaoter- 
..stic hyplne 0 were found in this shoot and codd be 

laced from the broken .surface through the bundles into the pith 
a the stem. Ihere wore no other injuries, and infection had doubt- 
less occurred through the broken shoot. A second cane of the same 

at the oth node. Higher up several nodes showed slight infection, 

. 2 ■ 
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vvliich was traced in every case to an, iiifcided iidventifious rootlet 
eye. x\t tlie. 20th node there was auotlicr lu’oken sluH)i, ihroujj^h 
which infection ha,d occurred. lna!I thes(i casi's, s<‘ctioiis jake-i! st) 
as to include the slioot or root and tin*, main. .st(*ni, {'uahled the 
hypliie to be clearly traced from one to tin* other. In a.noih(*r case 
infection occurred through root eyes at tlie lotli inxh*. a, ml also iu 
the 8tli internode through a crack iu the rind, ^riiis is one of tin*, 
few cases where infection has been found arising from a defmile 
stem wound. The cane was also afT<H*ted with smut- {Usfdatjo 
Sacohari). 

1 From the above experiments it ap])ea.i‘s ihai woiunls caus<'d 
by boring insects, while undoubtedly capable of admitting tin* 
parasite should it rea<,'h them, are not, iti ])ractic(‘, r(*sponsible ior 
many cases of red rot in India. Old leaf scars are iiot^ ivadily petn*- 
trated, hut- since infection, through the leaf l)as(‘s hiis lu'cn obtained 
by Howaj'd. this probably depends on tln^ (h'gret* to whicli ab.s<*iHsion 
has progressed at the time of inoculaticm. binder normal co?ulit ions 
the leaf scars arc not exposed until tin*. l(‘af has compietely withered 
and, as our inoenlatio.ns show, such sc.a.i*s ar<* not. readily inft‘eied. 
During the process of wu’a.pping, wlnVh is common in, parts of huiia, 
less conipletely withered leaves are. so.m(‘, times torn away from tin* 
stem, and the scai’s left in tlies(? cases arc? fjrobably a soun-c*. (>f 
danger. In a few eases the cracks whieii form iji the, inlernodtss 
of some varieties probably admit tin* fungus. One such east* is 
recorded above. Ihit the commonest points of entrv in new 
infections of the above ground stem, in India, an*. undoubt(*<|]y 
tlie shoot and root eyes a,t the nodes. 

The source (jf ikeection .in new A'r'i’Atucs. 

We imw come to another a, speed- of the subject am! that is the 
source of .infection in those cases in wdiich, new atlae-lcs oeemr iu t lie 
cane stem. Practically all ob.servers are*, agrciM! on the. <*omparat.iv(* 
rarity of the .S])or.ing stage. o,n the surface*, of <iiseas(*el cane. .Mt<‘nis. 
until these have elried nj) merre or less e'omphdely. When we. e*un.- 
sider the extraordinarily abundant production of spore^s in mejst 
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fungi wiucli (Inpeudoutlicw.md iorMuin-dwsKiuiuHtidiuuul (1um-I.mii- 
i™<»i tlio ludividuiil .s|.omaliglitiugon a .siisoeptililc pail of (lic-anr 
.sdm,, t his point, ho, of siguifioauoo. I5ut, as was poiiH,.,! „„f i„ 

I mm, UwLV IS anothoi- pa,rt of file em.o on ,vin<.|, a, fnagas ag.-oeiag 

iiuuorpiiologicalcluu-aetei-s wkliOoUetotrUrlmm /drafiaii M freipicntly 
found and produces spores in greater (juantity ami inoi-i* exj.oscd 
to file wind than the stem form. This is the inidrili of tlii> leaf. 
-Karlier wi-iters have j-eported the occm-rence of the fungus as a, 
sajirophyte on old, withered leaves of sugarcane.* 'I’hat it also 
occurs not uncormnonly as a leaf parasite, .seems to have c.sca])ed 
the noti,-e of most ol,.serve,r.s, though Kdgertmr refers U, it. hlv- 
penmeiits were carried ,mt a( Ihi.sa, |,o determine if (he leaf forni 
could infect (lie stem and couver.selv. 

i hi ( ( of (.hese e.'cperinients ha va- heen descrilietl above ([urge 158) 
where it was .sliowii. firstly, that wound, inoculation with a |mre 
culture of the midrib form caii.s,-,! visible, iufeclion of from om- (o 
tlu-ee mternodes after tlirco months and. when the iuoi-ulaled ■■anes 
were, planted, red rot developed in them with severily. ami, .sei-ondlv. 
that moeulution of the, setts, imnu-diately before planting, causes 
,!ust as severe di,sease, as when tlie stem form of the fungms is used, 
lit another case a [Hire .-ulture of the leaf fungus was used to iu- 
ocuilate- btrtped Maio-itius cane, M inoculations being mad,- (o- 
wa,rd.s the ba,se and ten towa.rds ll.e ape.x of the .stem. ' In. a little 
ove,r two mouths, 7 of the former were examined and showed 
7 + 3 + 2-I-] +0-I-4-I-4 iiiternodes allected. In li of the eau,'.s 
moc-ulated towanis the ape.vv 3 + 1 +0 + I, + j +2 internodes wer<- 

period. These experiiriejits sIkiw 
lial- the leal: Iniigiis can attack the stem and tlie cut setts, tlw 
.symptoms prodneod being those of typical red rot. 

The jiarasitism of tlie midrib form was next lasted on leav.-s 

**«H- ex-j,erintc„t sporics froiii a pure c,,lt,,r,i were sowm in' 

<lK.ii.s of water on the upper sm-faee of the uni,, jure, I midrib of 
glowing canes. Out of a inoculations, mm,, succeisle,!. The 
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pmuieuL was repeated on 4 shoots in tlic inl)ora,torv. kopf luehu' 
beU jars to prevent the ino(iiilated spot from (!ryiu<4 mpidly. Tin'.'-^c 
also -failed. In a third series, similar to the last, b ino(M!lnii(}n,s were 
made without result. A month later, liowevor, out of TJ fumilar 
inoculations, 5 succeeded. When the midrib was woiuided, much 
better results were obtained. In the first trial 5 loavc's w«u‘e ijioeu 
lated in plants growing in tubs in the laboratory, the u])p('r t^pider 
mis being first removed by scraping with a sterile knife and the. spot , 
after inoculation, being covered with damp sterile cotton wool to 
keep moist. All succeeded well, the characteristk; ri'd diseoloralion 
being well developed by the 9th day. Jn anotlHU'smies, I inoeuial ion.'^ 
were made after injuring the epidermis of the midrib by louehiug 
it with a hot knife blade for 2 or ,‘{ see-oiuLs. .All look Hu* iiih‘e(ioii 
severely. Four more were inociuhih^d oji nnolluM* oc<-asion, aflrr 
scraping oil the epidermis, and again all took. 

Experiments were next made to test. tin*, parasitism nf tin- stem 
oi Golletotficlmm jalcatum o\\ the leaves, in the first expen 
ment, spores .from a pure culture were sown in drops of walei- on t in* 
upper surface of the uninjured iriidrib of eanes growing in a tJih 
in the laboratory. Of 15 inoculations, nom* snecauMied. Tim ex 
periment was again tried and of 7 inoculalions, all snccFnded. In 
a third series, out of 13 inocidations, 5 sinaamded. Whcii the midrib 
was wounded before inociihition tln^ results w(‘re as follows. In 
the first trial 5 inoculations were made aft^ei- He.ra{.»iug «)jT the (Epi- 
dermis. The inoculated spot was covered with a, pad of dump 
sterile cotton wool. None succeeded, the fungus growing by vhoivv 
into the cotton wool. A similar experiment, at. a later dul(* was 
made on 3 shoots stand-ing in water, no cotton wool being iistHl but 
the shoots being covered by bell jars. All siiccecahid. \n a third 
experiment, the epidermis was injurefl by touching with a }n»t Iviiih- 
l)lade and all of 4 inoculations succcothsd. 

Though both leaf and stem forms, arc capable of pene.t ra ting 
uninjured leaves, infection occurs much more readily when the 
leaf is wounded. The microscojhc details of penetration will bt; 
described below. In nature, it has been observed tluit (UdlHotri- 
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chum is common around the hole which a minute boring insect 
frequently makes in the midrib. Salmon’ ha,s found in similar 
experiments with the mildews {Erysiphacecp) that “ green fly 
(Aphis) has the same effect as a wound, in weakening the resistance 
of the plant cells to infection. 

From these experiments it is apparent that there is no essential 
difference in the ability of the forms of Golletotrichimi, found on the 
living midrib of the leaf and on the stem, to attack stems and leaves 
of sugarcane. Taken in conjunction with their morphological 
similarity, they must be held to be the same fungus. The species 
a,ppeai‘s to be confined to sugarcane. The only other Collelotrickum- 
resembling G. fcAmtum, found widely distributed in India, is G. 
Lineola Corda, which attacks ihe leaves of jowar (Andfopogon 
Sorghum) frequently. Morphologically the two species arc closely 
allied, but the jowar fungus does not attack cane leaves. Out of 
16 inoculations, half on unwounded spots on the midrib, half after 
scraping off tlie epidermis, none succeeded. Edgertou''’ failed to get 
symptoms of red rot by inocu biting sugarcaiie stems witli this 
species aaid also with the allied 0. cereale. it is probable tlia,t 
many of the new attacks of red rot on tlie above-gi-ound part of 
the cane stem, arise as a result of infection by spores blown 
from the diseased midiibs of ca,ne leaves. We do not see how it 
will ever be possible to avoid this, but it only gives greater force 
to the a..rguments in favoiii* of concentrating attention on tin* 
elimination of diseased setts a t the time of planting. 

The actual penetration of the fungus into the tissues was studied 
in the leaf inoculations. Including both leaf and stem forms, 
altogether 63 inoculations were made on the uninjiii’ed midrib, of 
which 17 succeeded and 46 failed ; while when the epidermis was 
wounded 20 out of 25 inoculations succeeded. In the successful 
cases where the epidermis was uninjured, penetration UBiially oo 
curred not directly into the midrib but by vSUperficial growth of the 
fungus until the large motor cells lying in groups on either side 

’ Salmon, E. S. Cultural experimenta with " Biologio I'onuB ” of tho Erymphacea-. 
Wul. Trans. Royal Society, Sor. B, Vol. 197, 1904, p. 112, 

^ Edgerfcon, C. W., loc. cit. p. 7. 
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oi' tlie niidril) were readied ; tliese were tlieii penetrated (Jtig. t)- 
As is already known, the gemi-tubea of the. spores readily form 
appressoria (described under the name of geinma3 by Went 
and of chlamydospores by most other writers). These are thick- 
walled, durable cells, capable of surviving detachment from th<‘ 
mycelium. It is probable that they serve a double purpose 
of (dose adhesion to the surface of the host plant and of accumu- 
lation of enrAmLic eimrgy to secure penetration of its walls. In 
CollHofj-lrJnnti jalcatum the infection hypha seems to arise as 
a rule from an appressoriuni (Figs. 1 and 2). Entry thiongh 
stomata was not observed, the infection hypha passing dio'ctly 
aci'Qss the oiite]- wall of an (ipidermal cell, or, in sonu' cases, 
down between the side walls of two cells. After entry, the 
hypha) luay at once branch freely and fill the large motor cells 
\vitli a mass of mycelium, or may penetrate deeply into the leaf, 
passing from coll to cell with ease in the large-celled parejudiyma. 
between the bundles, but not readily entering the latter. In 
some cases the sclerenchyma was penetrated, but usually, when 
the leaf had not been injured before inoculation, the hyplne 
remained, for the first week at least, confined to the thin-walled 
cells. In the cases where the leaf was first wounded, conditions 
were, somewhat different. There was a superficial growth as 
before, extending beyond the limits of the wound. But pinud ra- 
tion was not ]iow confined to the thin- walled motor cells but 
occurred freely into the epidermis of the midrib just beyojul 
the wounded part (Fig. 2), and the mycelium ramified throiigli 
the sclerenchyma as readily as through the parenchyma. In some 
cases, the layers of underlying sclerenchyma left after removing 
tlie epidermis, were an effective barrier and penetration only 
occiiricd beyond the midrib into the thinner tissues between tlie 
bundles, but in others, presumably when the iiijury was num) 
severe, the thick-walled tissues showed much mycelium. All the 
invaded tissues developed a bright red colour. 

. In Iess™.than a .Week fructification may occur on the infecteci 
spot. The hypha? first collect in masses in the epidermis, through 
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wiiicli tliey tiieix break as stroma tic bodies, on wkicii the character- 
istic s])ores and sterile hairs are formed. 

Relative susceptibility oe the top and bottom of 

THE CANE. 

Experiments were recorded in the previous MemoiR to show 
that much of the damage caused by red rot is due to inversion of 
the cane sugar. This appears to be because glucose is more readily 
assimilated by the fungus, growth in solutions in which the sugar 
was provided as glucose, being invariably better, at least at first, 
than when cane sugar was supplied. Flasks were prepared with 
solutions containing 10 per cent, cane sugar and glucose respectively 
together with peptone and sodium chloride, and inoculated with a 
loop of a suspension of spores, from a pure cidture, in distilled watei'. 
The growth in the glucose flasks early took the lead and maintained 
its superiority for some weeks. More recently, Lewton-Bi'ain® has 
dealt with the same cjiiestion in eonsiderable detail. Hr; found that 
the inverting action of the fungus was considerable, but that, as 
stated in the previous Memoir, the actual consumption of sugar was 
small. This consumption, he found, fell entirely on the levulose. 
Thus in one experiment, though 75 per cent, of the sucrose was 
inverted, not one-twentieth part of this was actually consiinied by 
the fungus and this appeared to be all levulose. The inversion was 
proved to be due to the presence of invertase, which, was found both 
in the mycelium and also in the solution in which the fungus was 
grown. 

Since it is known that the upper portion of the cane is richei' 
in glucose, though poorer in total sugars, than the lower’*, experi- 
ments were made to compare the growth of the fungus in the top 
and bottom portions. In the first experiment, 3 sound Striped 
Mauritius canes were cut and brought to the laboratory. They were 
each inoculated at a lower and an upper internode by removing 

’ Bufciciv E. J., eft., 1906, p. 7. 

2 Lewtou-Braiii, L., loc. ait., 1908, p. 32. 

S Lofithor, J. W. Chemical oonipositiou of sugarc 
No. 3 of 1897, p. ,13. 
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a cylinder aseptically with a small cork borer and inserting a small 
quantity of a pure culture of GollMrichmn. After eight days they 
were examined. The lower inoculations were found to have infee - 
ted 2-f-2 + l internodes respectively, the upper 1 + 2 + 4. The ox 
peiiment was repeated with Samsara canes, 6 being inoculated in 
the same way. After seven days one was examined and was found 
to have 2 internodes infected at the base and i at the top. Two 
days later another was examined, 5 and 2 internodes respectively 
being found infected. 'Two days later the rest were examined. In 
one the infected portions had united in the middle. In the othev* 
three, 11 + 10 + 7 internodes were found infected at the base ai id 
3 + 5 4-2 at the top. The experiment on page l67, where inocula- 
tions with the leaf form of the fungus were made at the top and 
bottom of growing canes, should also be compared. As the prac- 
tical point at issue was to determine if any recommendations could 
be made for planting one part of the cane rather than anotlier, 
where red rot is prevalent, the natural inversion that goes on aftei‘ 
cutting was not taken into account, since it must equallv go on in 
planted sette before germination. The experiments do not suggest 
Miat tops, though richer in glucose, can be more rapidlv invaderi by 
ColletoMmm than the rest of the cane and there appears to bo ni . 
objection to their use from this point of view. The second experi- 
ment and that given on page 167, indeed suggest that the contrary 
IS the case. Tops are also less likely to contain the fungus, when it. 
has originated from below at a late stage in the growth of the cane. 


(J0NT.ROL OR THE DISEASE. 

“d '-ot was stated by tlie earliev investigators 

ot the cane the Sequent absence of definite symptoms by which il 
Tuight be detected m the growing crop and the practical impossibilitv 
of preventing wounds which would give an entry to the to g m 
But of recent years httle has been heard of the disease in .1^.1 
w^re It was hrst described, and it may be concluded that it has no,' 

pioved so serious an enemy as was once feared. 
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In India it is in many places the greatest obstacle to successful 
cane cultivation. In Madras^ Bombay and Bengal the area under 
tliick cane has in certain districts periodically shrunk as a result 
of an accumulation of red rot in the crop, to expand again only when 
r he diseased cane has been replaced from outside. Bed rot has often 
b(3en the limiting factor to the successful cultivation of heavy yield- 
ing canes. 

The experiments given above are, we think, sufficient grounds 
for holding that this should not be the case ; that, granted that a 
start is made with a, healthy stock, it should be possible to keep 
the disease under control with no more than an occasional .severe 
outbreak due to a specially unfavonrable season. 

The first requirement is to start with a healthy stock. In those 
districts, such as the. Godavari Delta, and some parts of Bombay 
Presidency,' where the local canes have become widely infected, 
new healthy seed must be brought in from outside. 'l.''lie very 
successful liistory of the Sarnalkota Sugar- Station in the Godavari 
Delta, shows wdiat excellent results may be obtained by this measure, 
under efficient superviKsion. It is highly probable that the little 
that has been heard of red rot in Java, in i-ec'ent years, lias been due 
to tlie efforts made to obtain good cane for planting, fi'om special 
seed nurseries, combined w^ith the gi*owth of seedling canes which 
will be referred to belown As the Samalkota I'esiilts are available 
in the Annual Reports of the Sta tion, tlie methods adopted, need not 
be more fully detailed. The past liistory of the cane must be 
taken into consideration. There is good, evidence to show how 
dangerous it is to grow a variety from .stock known to have been 
seriously infected, even though the crop may do well for the first 
few years. Large estates or groups of estates should be self-con- 
tained in the matter of seed supply and should posse.ss a nursery 
or testing garden for the trial of new varieties under the best condi- 
tions. For the ordinary native cultivation, Government Farms 
should be utilized for the same purpose. In this way a supply of 

’ Kulkanii, G. S. ProJiminary study of the rod rot of snaxrcano in the EombaN 
Presidency. Dept, of Agric., Bo!nba3', Bull. No. 44, 1911, pp. 5-0. 
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liealtliy ricecl can be assured and iieW varieties can be introducetl. 
into cultivation as rec|uired. 

Systematic and tborougli selection of tlie setts used for planting 
must tlien be done eacli year or the new varieties will not maintain 
their freedom from disease for long. The methods to adopt are 
described in a previous paper* which should be referred to, and 
present no difficulties in practice. We consider that there is no 
single operation in the cultivation of thick canes in most parts of 
India of greater importance than this. It is not to be anticipated 
that the disease can be got rid of by a single selection nor, indeed, 
usually got rid of in its entirety by annual selection ; the most that 
is claimed is that it can be kept within reasonable limits in. normal 
years and with good cultivation. The object of the selection is to 
pi event an accumulation of red rot to such an extent as materially 
to reduce profits and render it difficult to obtain a sufiicieiit supply 
of sound seed for the coming season. 


Of lesser importance, but still worth doing in most cases, is the 
legular removal of all withering clumps during the growing and 
ripening season. Such clumps, if left, dry up and produce spores, 
sometimes in considerable quantity. Infection of even perfectly 
sound cane through the aerial root eyes and through injured buds 
has been shown to occur and though our experience in Northern 
India has been that such infection is not common, it is perhaps more 
frequent in Madras, where the disease appears to be more virulent 
and rapid in its onset than with us. There is, also, the danger of 
infection through the soil, especially in irrigated cane, by means ' 
of the shed spores. 

Judging from Godavari experience it is important to give cane a 
long rotataon. How far this results from the peculiar circumstances 
of cane cultivation in heavy paddy soils, with very frequent irriga- 
tion, IS not clear. In the Godavari Delta, the old practice was eight 
or nine years’ rest from cane after a two years’ cane crop (one year 
plant cane and one year ratoon). More recently, it has been redm-ed 
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to six years, probably with bad results.' At Samalkota a two years’ 
■■ dry ” rotation (not followed by paddy) and a three years' “ wet ” 
rotation (followed by paddy) were tried, but found unsatisfactory. 
( »n the other hand, at Pusa, cane one year in five has been satisfactory 
and the non-irrigated cane in Biliar usually gets a much shorteV 
rotation. The fungus appears to die out rapidly in moist soil, but 
cultures exposed to the air and kept moderately dry retain their 
vitality for at least five months. In Hawaii, Lewton-Brain found 
that plate cultures allowed to dry out invariably gave no sign of 
\utality after three mouths. But if cane is present, there seems to be 
little doubt that ColletotTichnm lives and spreads through the soil 
and, in the young irrigated crop, passes from trench to trench, either 
with the seepage of irrigation water, on tlie feet and implements of 
coolies or (though less certaiuly) hy direct growth thrdugli the soil. 
It has been shown that the roots are readily infected and. we have 
lost several series of comparative experiments at Pusa through 
ground infection of control trcnelies. h’ortuiiately the radius of 
spread does not appear to be large and if the measures detailed 
above are carried out, little injury should he caused in this manner. 

In spite of all these precautions, serious attacks of red rot 
from circumstances not ordinarily under control, may occur fi-oin 
time to time. We have met with two such case.?. One was the out- 
break at Pusa in 1907-08, which was, without doubt, the result of an 
epidemic of caue-fly (Pp’ilh ahenmu) on the eaiie that year. 
Leaf-hoppers are well known in other countries to be a.ssociated "with 
bad attacks of fungus diseases as, for instance, in Hawaii, where 
rmd disease follows with great intensity the epidemics of leaf- 
loppers. It IS probable that the action of these insects is chieflv 
to reduce the vdtality of the cane and render it increasingly sus- 

oo 

])i c believoil to lip !(,« causo, boiii"’ merolv a ftillnuw nf ii-i i ’ 

•uHl’1 m™!’ ‘^'I KclgPrtou in tJie VVcBb' 

< .. t.d (..dalihsh the parnsilism of ^/r}n■mo^mlm Sacchnri. In flic .East, this f un-nis lias 

not btiun rcoortlod as a parasito. ” 
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(-■eptibie to infection from aerial spores, wMch were formed in con- 
■siclerabie Cjuantity on the leaves during the outbreak at Pusa. The 
other case was a severe attack of red rot following extensive flooding 
of the cane fields, in some estates in Bihar several years ago. The 
(Effect of unfavourable external conditions such as this on the onset 
of the disease is discussed more fully below. 

Susceptibility OF VARIETIES OF CANE. 

Little light has been thrown by these investigations on the 
([uestion of the relative susceptibility of different varieties of cane 
to red rot. One fact that is obvious to any observer of the disease 
in India is that the thin varieties of cane are, on the whole, less sus- 
ceptible than the thick. Some of the Indian thin canes are so 
widely divergent from the thick races, that writers in Java, have 
suggested that they may have originated from different species of 
SaccJmnmi} If so, one may perhaps anticipate that the relativt' 
immunity of the thin kinds will prove to be a deep seated germ ’* 
character. With regard to the thick canes, (‘crtaiu oliservers, 
and in particular .Dr. C. A. Barber, hold that the tem|)orary or 
apparent immimity of certain thick varieties can he broken down 
by bad cultivation. He describes" how, in the Godavari Delta, 
successive canes have held favour diu’ing the past forty years, each 
in turn growing luxuriantly and lu'inging wealth, l)ut after a few 
years becoming diseased. The constitution of each cane liad been 
broken in turn by the ever-present fungus,, until all the plants of that 
kind in the di>strict were infected. Again he states” that of the 
\'-arieties of cane brought from other countries for trial at Samalkota . 
none w^ere really immune and it is probable that ultimately all will 
succumb in turn when placed under the adverse conditions of th(‘ 
local agriculture. In the same papeP he mentions as a curious fact 
that the Hospet cane varies greatly in its liability to disease in the 
different regions where it is found. A similar case occurred with the 

^ Kobus, J. D, Overzicht van liet verloop tier imporfcatieplamion van vreemde riolisoortcie 
up een eilancl buiten Java; Areliief v. d. Java-Suikemdustrie, II, 1894, p. G02. 

2 Barber, 0. A. The Samalkota Sugarcane Farm. Agric. Journ. of India I, lOOG, p. 45. 

8 J6, Seedling eane.s in Indin. Agric. Journ. of India, VII, 1912, p. 324. 

^ Ib. loc: cif. p. 329. 
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Bombay .Piincli a cane which, when introduced at Samalkota, went 
out from disease in the first season, though the parent stock 
IS littie subject to red rot. Kulkarni’ also notes the gradual 
deterioration of thick canes in parts of Bombay, and West Indian 
literature is full of references to the breaking down in health of the 
Bourbon cane, once wddely giwn, and this breaking down seems 
to have gone on more rapidly in some localities than in others. 

Ihese experiences with sugarcane are by no means unique 
amongst plants ordinarily propagated in a vegetative manner, that 
is by tubers, cuttings and the like. In Ireland the '' Champion” 
potato was largely cultivated for many years, on a.ccount of its 
resistance to potato blight, but it has lost its resisting powers and 
been replaced by newer “ seedling '’ varieties. Several similar 
cases are known, and the phenomenon is of considerable scientific 
interest.^ Such progressive deterioration is in many cases 
apparently innate and has been likened to senescence, being capable 
of being checked when a new^ generation is started by sexual 
reproduction {e.g., by raising from seed). But it can be hastened 
by exposure to unfavourable conditions or, on the other hand, be 
postponed by profound change in the environment. Barber states'' 
that the surest way to induce red rot in cane to make its appearance 
is to plant the canes in a water-logged site. Harrison, in British 
Guiana, considers that the susceptibility of certain kinds of plants 
for instance, the Bourbon cane, to fungus attacks is due in part at 
least to defective soil conditions.* Such statements can be multi- 
plied and must, we think, indicate a real phenomenon. In th(‘ 
opposite direction are such cases as that recorded by Calkins,"' where 
a constantly changing culture medium was found to have the effect 


1 Kulkarni, G. S. Preliminary study of the red rot of .sugarcane in the Bombay PreBidencv 
Department of Agriculture, Bombay, Bull. No, 44, 1911 . 

M- Problems of Life and Roproduction. Progreasivo Science Series, 

lilid, p. 19. 

8 Barber, 0. A. The Samalkota Sugarcane Farm. Agrio. Jooru. of India, I 190(1 
p. 45. » ‘ » 

\Hamsou. J. B, VarietioB of Sugarcane and M experiments in British Guiana. 
West Indian Bulletm, IX, 1909, p. 36. ^ 

» Galkina, Gary N. Protozoology, ^1910, p. 109, 



of proioiigiiig the life of the race in Protozoa, }>red froiii. a HiJiglr 
iiulividiial and not permitted to conjugate ; when asexual pro- 
pagation 0]ily is allowed and the envirojnnent kept constant, the 
race soon degenerates and dies ontd 

It is not unlikely, therefore that, there aj-e two types of relati\a.‘ 
imnnmity, a genetic, such as is shown by the thin canes so widelv 
culthated in India, and a fluctuating, and that the latter is nuurh 
more exposed to tlie influence of external conditions tlian the fonnej'. 
Indian thick canes, which have been subjected to vegetative ])ropa- 
gation v ithout a break for inany generations, seem to show no 
t\idence of genetic immunity. Hence fre(jueut change of climate. 




DESCRIPTION OF THE PLATE. 


Penetration of a liypha, arising from an appressoriiim of tlie stem form of 
fahaPim, into a motor cell of the nmvoiinded leaf of 
sugarcane. The midrib commences immediately on the right of the 
figure. X 350. 

Penetration of ahyphu, arising from an appressoriiim of the .stem form of 
CoUelolric/mm.fi(kahmi, into a cell of the thick-walled part of the e])i- 
dermis at the edge of the midrib of the sugarcane leaf. The neighlxmr- 
iug central part of the midrib had lioen wounded by scmping olT the 
outer layers with a, sterile knife. X 500. 

Penetration of an adventitious root on the stem of sugarcane l>y by pine 
of CUi}1<Hoifichuw fnUmPum, through t he uninjured ejiidi'miis. X 500. 

Penetration of an underground root of sugarcane by by pine of i'oUvIolri- 
ehum fahal'um, tlirough the uninjured epidermis. X 300. 

Pa.ssage of the mycelium of (kMetotricImni from a young inocu- 

lated adventitious root, of the same series from which fig. 3 was drawn, 
back to tlie main stem of the sugarcane. The hyplue enter the vascuhir 
tissue and the jiarencliyma. of the stem and sjiread in all directions. 
X aliout 50. 
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SOME NEW SUGARCANE DISEASES 


E. J, BUTLER, M.B., P.L.g. 

Imperial Mycologist, 

AND 

ABDUL HAFU2 KHAN 
Assistant to the Imperial Mycologist. 

I.-WlLT. 

{Cephalospornim Saccliari Butl. n. sp.) 

In the course of investigations of the red rot of su<vareane 
caused by Oolletotrichiim falcatum Went, a second disease to which 
the name red rot might equally well be applied, since it pro 
duces distinct reddening of the cane pith, has frequently been 
encountered. With a little practice the two diseases can be dis 
tmguished and they are caused by entirely distinct organisms. 

As in red rot, the earlier symptoms are elusive. Exoent 
in such eases of severe infection of the cuttings selected fL 
planting as cause the death of the young shoots, in the manner 
more fu ly referred to below, little is noticed until the cane is 
about half grown At this period affected canes lag in growth and 
•s unted single stools, or patches of varying size, may soon be 
observed scattered through the fields in which the disease h 
prevalent From this on until the time of harvest, withering of 
individual canes, or even of whole stools, occurs. The leaves drv 
up,_as If insufficiently supplied with water, followed by the .steins 
which beconne light and hollow. If the cane be split longitudi„: 
ly when the leaves are first observed to wither, a charaq- 
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teristie discoloration of the pith, as shown in FL I, Fig. i, may 
be observed. A comparison of this figure with a colourcMl droAving 
of true red roF^ will show the difference in appearance ol tlio two 
diseases. Instead of bright red patches and streaks, brok(m ])y 
transversely expanded white areas, there is a difluse purj>h> or 
dirty-red colouration, in which brighter red, vertical lines mark 
the position of the bundles. The tendency of the colour to 
become muddy at an early period is its most strongly marked 
character and serves to distinguish the disease from any other 
known to us. In old cases the red almost disappears, Ixnng 
replaced by an earthy brown. The })ith. dries U}) more rapidly 
than when attacked by ColletolricJiwn and becomes liollow, 
Within the hollow portion, a dufly grey growth of mould is oft(>n 
found. 

Microscopic examination .shows that the stem is infested 
throughout the reddened portion, whicli may be confined to ii few 
joints or extend to the whole length of the cane, by a fungus, 
whose hyphre ramify through the cells in all directions, penetrat- 
ing the fibro- vascular bundles as freely as the large-celled |)aron- 
chyma of the pith (PI. II, Figs. 2 and 3). Most of the hyplne 
are fine, not exceeding 3 fi in diameter in recently infected parts, 
and either uniform or tapering gradually. They pass from cell to 
cell through the pits in the walls, when pits are present (Fig. 2), 
but can also penetrate unbroken walls and seem to have no pi’e- 
ferenee for one tissue more than another. Even when old, they 
remain hyaline. Occasionally they have been found bearingconidia 
in the vessels (Fig. 5) and possibly do so also in the pai-cnehyma 
of the pith, as the condition shown in Fig. 4 appears to repre- 
sent an early stage of spore-formation. The conidia are small, 
hyaline, unseptate, oval, and usually appear to be borne singly 
on short lateral branches of the mycelium. They rosomblo 
closely the microconidia frequently found in the vessels of plants 
afiected with the Fusarium wilts. 


* See Momoirs, Dept, of Agric, in India, I, No. 3, 1906, PI. I, or Agric Journ. of Indin II 
1907, PI, xr. ’ ' 
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In the hollow which ins^ariably forms in the pith of affected 
internocles at a late stage in the disease, there is usually a 
copious greyish-white, fluffy growth of hypha3, similar to those 
found in the tissues, and bearing great numbers of conidia, 
resembling those observed in the vessels, though often of some- 
what larger size. The characters of the fungus can be studied 
from this growth or, more satisfactorily, from pure cultures, and 
they show it to be a member of the form -genus Ge^plialosijorium, 
several species of which are known to be lower stages in the 
development of Ilypocreaceah 

The hyphm are hyaline, slender (about 3 to 5 //. in diameter), 
richly branched, sparingly septate when young, not varying 
abruptly in diameter, though swollen segments are found in old 
cultures. Soraetiraes the individual filaments unite together to 
form coremial strands, usually only two or three hypha^ taking 
part in the formation. An early stage of such a strand is shown 
in Fig. 6a. Chlamydospores have not been observed either in 
culture or in diseased canes. 

The conidia are borne on short, simple or branched, lateral 
hyplise and also terminally on the ultimate branches of the 
mycelium. They measure 4 to 12 /t (usually 5 to 8 m) by 2 to 
3 M, when formed, but increase in size prior to germination. Their 
shape varies from shortly oval to ovoid or long elliptical. Occa- 
sionally they are curved or with one side flattened. They are 
almost invariabty unicellular when formed, but some become 
septate jDrior to germination, the septa being 1 bo 3 in number 
(Fig. 11), Spores and mj/'celium are hyaline. 

The conidiophores are usually of definite shape, measuring 
from 6 to 30 /X by 3 to 4 M at the thickest part, swollen slightly 
in the middle or lower third, narrowing below where they arise 
from the mycelium and tapering above, but with an obtuse apex 
on which the spores are borne (Fig. 7). They may be scattered 
along the hypha or arise in bunches near together (Fig. 6). 
Branching is not uncommon, being irregular or once whorled or 
forked. Each branch usually bears conidia at the apex, but if 
kept veiy moist the branches may grow out into long hyphse. 
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The first coiiidium is borne at the tip of the conidiophoi’e and, 
when full grown, is pushed to one side by the formation of 
second spore at the same point, and so on until a number liave 
been produced. Sometimes, instead of forming a second spore, 
the apex continues growth as a hypha, which may again bear 
coiiidiophores (Fig. 13a). Unlike most members of the genus, 
the successively formed eonidia are not held together in a mucilag- 
inous drop, but adhere merely by surface attraction and are very 
easily dislodged. If kept free from currents of air in a moist 
chamber, heads of 5 or more can readiljr be found. They adhere 
more firmly at the base than elsewhere and if carefully mounted, 
after treatment with acetic acid, such appearances as those figured 
in Fig. 7a can be observed. At first sight this suggests that the 
spores arise near together and at the same time, as in the genus 
Haplotrichum, but more careful examination shows thafc this is 
not the case, only one spore being formed at a time and the whole 
apex of the conidiophore taking part in its formation. The apex 
is pushed out by growth from within the hypha to form the 
spore, and if examined just after the latter has fallen and before a 
second appears, the condition shown in Fig. 9 is found. In moist- 
chamber cultures spores formed on the aerial mycelium appear 
as shown in Fig. 8, lying in a single layer with their long axes 
parallel. Spore-production is extraordinarily copious, almost 
every hypha being abundantly provided with conidiophores 
throughout the greater part of its length. 

Germination occurs within 24 hours in many cases, the large 
septate and small unseptate eonidia behaving in much the same 
manner (Fig. 11). The germ-tube is usually single and ter- 
minal, but the septate spores may give out a tube from each end. 
Union of two or more germ-tubes, belonging to different spores, 
is common (Fig. 12), up to five spores having been found united 
in this manner. One or two of the germ- tubes grow out into 
strong hyphse from the united mass, the arrangement being prob- 
ably merely a nutritional adaptation. 

In culture on nutrient agar the mycelium remains white and 
filamentous and no formation of stromata or of other types of 
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spores has been observed. The species does not agree with any 
previously desoribed aud has been named Cephalosporium Sac- 
ckari, the diagnosis being as follows : 

Cephalosporium Sacchari Butl. n. sp. Effusura, candidum ; 
hyphis repentibus, parce septatis, 3-5 ^ diam. ; conidiophoris 
continiiis,, siraplicibus furcatis vel subverticillato ramosis, sursum 
obtusis, medio vel versus basim inerassatis, 6-30>long. 3-4 u crass.; 
condiis ex apice ramulorum pluribus continuis exsilientibus et in 
capitula collectis sed facillime secedentibus, hyalinis, ovoideis vel 
oblongo-ellipsoideis, continuis, 4-12 Y 2-3 yu. 

In culmis Sacchari o-fflcinarum in India or 

Cultures of the fungus can be readily obtained in the same 
way as with OolletotricJmm falcatum, by cutting out aseptically 
a portion of the pitli, in the early stage of the disease, and incubat- 
ing m a sterile Petri dish or potato tube. The growth is frequent- 
ly pure from the commencement, but if not, can be readily purified 
by sub-culturing from the aerial mycelium. The following in- 
oculations were carried out with pure cultures from iiutrientlgar, 
in which spore-production was copious. 

On December 13th, 1908, 20 strong sound Red Mauritius 
canes were inoculated in a stem wound with a suspension of spores 
and mycelium in distilled water, from a culture two weeks old. 

The inoculations were made in the lower half of the eaoe by 
removing a cylinder of pith with a small sterile cork borer, insert- 
mg a drop of the suspension, and replacing the cylinder after 
cutting off a little of the end, so as to leave a small cavity. The 
wound was then bound with sterile gutta-percha sheeting. 

The canes were examined after 3 months. In one else only 
had the whole cane dried up, the infection extending above the i- 

wound to the top of the cane, and below for 3 internodes. In the 'I 

othera infection had progressed through from 4 to 6 internodes. 

The inoculated internode had become hollow in every case, those ‘l ' 

above and below being also hollow in some cases. The symptoms ! 

were typical and the fungus was found tliroughout the discoloured I 

parts. ' I 
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On tlie same day 1 5 canes were inoculated at leaf scars, the 
sear being covered after inoculation with a wad of damp sterile 
cotton-wool, bound with gutta-percha sheeting. The same 
material was used as in the last experiment. 

Ihese inoculations also succeeded, distinct reddened bundles 
being found after 3 months, extending downward from the sear 
through the next internode. The progress of the infection was 
less than in the last case and could not be traced beyond the 
one internode. The hyphae were found chiefly in the red- 
dened bundles and there was not much lateral spread. It was 
noticed that shoots arising from the inoculated nodes were not 
infected. 

the fungus cannot penetrate the unbroken rind of the 
internodes. Sixteen inoculations were made to test this, a drop 
of the suspension being placed on the rind, and covered with 
damp sterile cotton- wool for 48 hours. In no case was there 
the slightest sign of infection. 

As in Colletotriclium falcatum, however, the adventitious 
root eyes at the nodes can be inoculated successfully. Ten 
inoculations were made on the uninjured eyes, in exactly the 
same way as in the last experiment, except that the cotton- wool 
wa.s removed after 36 hours. The first sign of success was 
iioticed^ after 4 days ; one of the eyes being slightly discoloured. 
On sectioning, the hyphaj were found to have penetrated through 
the epidermis and to have reached almost to the centre of the 
bud. Three days later all the inoculations had clearly succeeded 
the eyes being reddened and full of hyplne. After 10 or 11 days 
the eyes were quite killed and the hyphm were passing into the 
mam stem. 

To see if the cane can be infected through the setts at the 
time of planting, half a trench of Striped Mauritius was planted 
on March 7th, 1907, after dipping the out setts in a suspension 
ot spores and myoelium in distilled water. The remaining half 
trench served as control. Germination was approximately equal in 

-hep-0 halves, but 32 shoots withered in the inoculated half up 

to June 17th, whereas there were only a few deaths in the other 
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half, apparently due to white-ants! The Cephalosporium was 
recovered from d of the withered shoots examined. 

As this fungus has been several times found associated with 
Codetotrichum falcatum, experiments were made similar to the 
last, but with mixed suspensions of the two fungi, in 1907. The 
results were striking. Germination was good in both halves of the 
trench, but 45 shoots withered in the inoculated half in the first 
three months, while there were very few failures in the rest of 
the trench. Golletotrichum was recovered from 2 of the withered 
shoots and Cephcdosporimn from 8, out of 14 examined. The 
experiment was repeated in 1908 with much the same result. 

These experiments show that the fungus can enter the cane 
through wounds, through the uninjured root eyes at the nodes, 
and through the planted setts. In true red rot the writers have 
shown that the latter is the most frequent method of infection 
in Northern India. In the present case the evidence is not so 
complete, but it has been found that wound infection is far more 
common than with CoUetoPnchum, The wounds examined have 
been all borer holes, which are much the most frequent wounds 
m standing cane. Altogether 27 have been examined by incu- 
bating an aseptically removed slab from just beyond the margin 
of the hole and, of these, 15 have given the fungus. Out of 9 
examined in the 1908 crop when nearly fully grown, 8 were 
infected. This was the year when the most widespread attack 
of Cephalo 82 Jovinm baccliari was observed at Pusa. 

The disease is found over a large part of India. It has been 
observed at Surat, Poona, Samalkota and throughout North 
Eastern India. As a rule it seems to accompany red rot, quite 
a considerable percentage of the cases examined being due to 
mixed infection. In the 1908 attack at Pusa, however, there 
was practically no true red rot and a good deal of damage was 
done by an unmixed attack of Oephalospormm. Similarly, in 
1912, several cases of pure infection were encountered, and pure 
cultures were ob tained direct from the mycelial growth in the 

* Butler, E. J., & A. Hafiz Khan, Red Rot of Sugarcane. Mem. Dept, of Agric. ir India 
Bot. her,, VI, No. 5, IfilS. ^ a • , 
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hollows of the pith. Asa rule, so far as has been observed, the 
infection is not virulent ; spread within the cane is gradual and 
communication from one plant to another slow. A large number 
of borer holes become infected late in the season, but the parasite 
usually seems to remain confined to a few internodes. As bored 
setts are usually discarded at planting time, infection by this 
channel is not often transmitted to the following crop. The 
fungus has not been found on the leaves or on the surface of the 
stem, in the field. In the laboratory, however, a case of sponta- 
neous infection of the leaf with a fungus exactly resembling that 
under consideration occurred, and this led to further examination. 
Inoculations were made with cultures obtained from the growth 
on the leaf and also with cultures from diseased cane stems, 
Both gave similar results. Six inoculations were made with each 
of the two cultures. In two cases the inoculated leaf withered 
too rapidly to allow of definite observations. The remaining ten 
were quite successful, PI. II, Pig. 1, showing the condition after 
three days. Penetration had occurred chiefly through the large 
thill- walled motor cells. We have not been successful in finding 
cases of leaf infection in the field, but as leaf spots are extremely 
common on sugarcane such a search is not easy. The spot caused 
by Gephalosporium Sacchari in artificial inoculations resembles 
that caused by Helmintlwsporium Sacchari, described in a later 
section of this paper, and all the field cases examined belonged to 
this latter fungus. 

Rotten canes must set free large quantities of spores and the 
source of the infection of cane wounds may come from these, from 
the leaves and, if the species passes part of its life as a soil sapro- 
phyte, as is not improbable, po.ssibly also from the soil. The genus 
is so common in cultivated soils, and this species has so little to 
distinguish it from some of the habitual soil dwellers, that its 
recognition would be difficult. It lives very readily as a sapro- 
phyte, however, growing luxuriantly on most of the common 
culture media and remaining alive in culture for about 3 months, 
so that it is probably present in the soil of cane fields. The 
inoculation experiments indicate that infection of the setts at the 
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time of planting, causes a good many of the young shoots to 
wither within the first 3 months. As this early withering 
has not been very frequently observed in natural attacks, we 
conclude that infection of the growing cane, through wounds and 
through the root buds at the nodes, is the more common origin 
of the disease. 

The control of the disease should evidently be on much the 
same lines as in ture red rot*. As, however, wound infection 
IS far more common, the importance of removing diseased clumps 
before they have time to rot and set free spores is much greater. 
As a rule the disease is not a severe one and though our 
experience with it is limited as yet, it is probable that it is 
incapable of doing permanent damage so long as the measures 
advocated against red rot, which we consider to be essential 
to the successful growing of thick cane in Northern India, 
are carried out. 


Desoription op Plate II, 

{Gephalos 2 :)orium Sacchari But!.) 

, .Leaf of sugarcane inoculated with Cephalosporiim Sacchan, showing 
fungus in the motor cells and emerging to the surface, x 640. 

. .Hyphte in parenchyma of stem and passing from cell to cell through the 
pits in the walls, x 190. 

Hyphm in libro- vascular bundles, x 190, 

Hypha in a cell of the parenchyma with indication.s of spore formation 
X 320. 

Spore formation on hyphm in a vessel of the stem, x 320. 

Mycelium bearing conidia, from a pure culture on nutrient agar. At a the 
commencement of the formation of a coremial strand is seen, x 320. 

Conidiophores from a pure culture, after treatment with acetic acid. At a 
the adherence of the conidia at their bases is indicated, x 640. 

Successive stages in conidial formation, drawn from a continuous observa- 
tion. X 640. 

Couidiophore immediately after a spore has fallen and before a new one has 
commenced to appear, showing the hollowed apex, x 640. 

Conidia from nutrient agar culture, 6 days old. x 640. 


*■ Butler, E, J., k A. Hafiz Khan, loc. vit. 
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Germination of the coiiidia, showing especially the septation which some- 
times precedes germination, x 820. 

Union of the germ-tubes of the conidia. x 820. 

A spore-bearing hypha continuously observed, showing the extent of growth 
and spore formation in 22 hours. At a conidiophorcs have continued 
apical growth after forming a single conidinm. The septa have been 
omitted. 


IL — Collar Rot. 

[llendersonma Sacchari, But!, n. g., n. sp.) 

In tlie last section a disease was described which has fre- 
quently been mistaken for red rot. A second disease is sometimes 
confused with red rot in India, and the following description may 
lead to its recognition and thus secure further information regard- 
ing its distribution and the amount of injury it causes the crop, 
points on which our observations are incomplete. 

Towards the end of 1908, a number of canes withered at the 
Samalkota Sugarcane Station, following on a cyclone at the end of 
September, which did much harm to the ci'op. A recrudescence 
of red rot was feared, as many of the canes were reddened at the 
base. We examined the crop in January, 1909, and found ex- 
tremely little true red rot. Some of the damage was apparently 
not caused by disease but by injury to the root system as a result 
of the storm. A good many cases were seen, however, in which 
the symptoms suggested the action of a definite parasite at the 
base of the plant, and a fungus was isolated from the tissues in 
these cases which proved capable of reproducing the disease. 

In the following season the disease reappeared and was more 
fully studied, but for the last three years there have been no 
further records of its occurrence on this farm. Recently it has 
been found at Jorhat Farm in Assam, and it is possible that it 
also exists in the Central Provinces, where we have observed a 
somewhat similar condition, but without being able to make a 
detailed examination. It has not been recorded elsewhere, and 
the parasite differs so widely from any previously known that it 
has been necessary to make it the type of a new genus. The 
varieties of cane so far observed to have been attacked are Red 
Mauritius, Striped Mauritius and B. iJOS. 
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Tile symptoms outwardly resemble those of red rot, so far 
as the withering of the top is concerned. The top leaves wither 
back from the tip along the edges, the midrib remaining green 
later than the rest of the leaf. The larger leaves below the crown 
appear to suffer first, those at the apex remaining unaffected for 
sometime. When the leaves have fully withered, the cane is 
found to be much lighter than normal. On splitting, the upper 
part is usually pithy and dry in the centre, or even with a central 
cavity along each internode, around which the pith is dry, white 
and flaky. Lower down the pith may be still juicy but has a 
curious translucent watery appearance ; still lower the centre por- 
tion may be brown, while red streaks or patches may often be 
seen, especially at the nodes (PI. I, Pig. 2). At the base, where 
the feeding roots arise, the red colour predominates and is 
especially visible at the nodes. In old cases the lower internodes 
also dry up and may develop a central cavity, surrounded by red or 
brown pith. The roots arising from the basal nodes are usually 
blackened and rotten, and the appearance suggests that the 
disease enters the base of the stem from the roots. 

In the Jorhat eases the buds at the lower nodes had sprouted 
and subxsequently withered. The reddening was specially well 
developed at the nodes from which these shoots arose. It is not 
yet certain how far this sprouting of lateral buds is a symptom of 
the disease, as it appears possible that the Jorhat attack is com- 
plicated by the occurrence of a non-parasitic, ureh-lWiQ degenera- 
tion of the cane, which requires further investigation. 

Microscopic examination shows that the roots and base of the 
stem are invaded by a fungus. The mjmelium is confined to the 
definitely reddened parts, being absent from the translucent upper 
portion of the cane. In the Jorhat cases the fungus was found 
collected chiefly at the nodes, the intervening internodes being 
almost free from hyphm until a late stage. The discoloured roots 
always contain a considerable quantity of mycelium. In the 
early stages the hyphjc run between the cells in the inter- 
cellular spaces. Here they are usually extremely fine, though 
thick ones sometimes occur. Later on, branches from the inter- 
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eeiloiar mycelium penetrate the walls to enter the cells. All the 
tissues are invaded, bundles as well as parenchyma (PL IV, Pig. i) 
In the cells, and especially in the vessels, very thick hypha^ ^may 
occur, sometimes almost alone, sometimes intermingled with the 
fine filaments. Careful observation shows that both kinds belono- 
to the same mycelium and can be found in direct continuation 
with one another. Sometimes a haustorium-like, branched mass 
arising from thick by phm in an intercellular space, almost fills a 
cell. At first septation is rather scanty, but in the older hyphie 
the septa lie very close together, the segments thus formed beinl 
often broader than they are long. No trace of spore-formation 
was found either in the tissues or on the surface of the diseased 
canes before their death. 

Cultures of the fungus were obtained in the usual way 
from the surface of the cane pith out with a red-hot knife. The 
fungus p-ew well on ordinary nutrient agar, forming a dense 
superficial growth. The following description is from pure 
cultures on this medium. 

The mycelium is white or faintly tinged yellow. The 
hyphsE (PI. IV, Pigs. 2 & 3) are very variable in size. The main 
branohe.s are very thick, sometimes up to 1 ,5 m in diameter, at 
first hyaline and sparingly septate, then pale yellowish and 
closely septate. Branching is copious and often rectangular 
Very noticeable is the tendency of the older branches to give off 
ertremely fine, hyaline, thin-walled hyph^e, the difference in 
diameter being so great as to suggest a distinct mycelium until 
carefully examined. The thin hyph» are often irregularly 
swollen or even nodular and measure sometimes as little as 1 ^ in 
diameter. Anastomosis of neighbouring branches is not uncom- 
mon (PI. IV, Pig, 3a). Intermediate stages, consisting of hyphm 
6 to 8 in diameter, freely septate when old and often irreo-ularly 
swollen, are common. The thicker branches break up readily 
into chlamydospores (PI. IV, Pigs. 4 & 5 ), which may be termi- 
nal or intercalar, and are usually arranged in short chains 
They consist of thick-walled cells filled with reserve material, 
round, oblong or long elliptical in shape, variable in size, the 
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largest ujd to 33 m in diameter, at first hemline but later slightly 
coloured, The}^ frequently separate from the mycelium when 
mature, and may be found lying singly or in short chains inter- 
mingled with the hyphte. They germinate in water by an 
outgrowth of the endospore. The nodular swellings on the 
smaller hyplne seem to be of the same category, but do not 
usually become detached ; they often give oft‘ fine branches after 
reaching maturity. In many cultures no other spore form was 
found. In several, however, a pjmnidial stage developed, and this 
stage was subsequently found on the surface of old canes which 
had been killed by the disease. 

When pycnidia were formed, they began to appear in about 
3 weeks after sowing the tubes, as fine blackish dots immersed in 
the white mycelium. These grew to form prominent black 
nodules, which, under the microscope, were found to consist of 
stromatie tissue with one or more sporiferous loculi entirely 
immersed in the stroma. 

The stromata are leatheiy, roundish-conical, about 1 to 
2 mm. in diameter, and consist of an outer portion of brown, 
fibrous tissue, composed of closely woven hyphm, and an inner, 
bounding the locuh, of ydafh^.h pseudo-parenchyma, many 
layers deep. Sometimes bauds of the fibrous tissue separate the 
loculi, each cavity; then, . ha ving^ i^^^ separate investment of pseudo- 
parenchyma (PI. Ill, Fig.. 1), in others the whole centre portion 
of the stromn is cellular and the cavities have no distinct walls, 
except the lighter coloured %ers from which the spore stalks 
arise. The cells of the pseudo-parenchyma are distinct, angular, 
isodiametrie in the deeper layers, but becoming more elongated as 
the hymenium is approached, with unthiekened but deeply pig- 
mented walls and oily contents, and measuring up to lO/x hi 
diameter. The colour gradually becomes lighter towards the 
spore-bearing surface. 

The pycnidial loculi are deeply sunken in the stroma, very 
irregular in shape, and often communicate with one another by 
narrow passages. Every stage may be found between stromata 
with a single loculus, through such eases as shown in PI. HI, 



Platk 1T1 



Photo.- . 


C'ulcutta, lOlM. 



BUTLER AND HAFIZ 


195 


Fig. 1, which we take to represent the union of several unilocular 
stromata, to truly multilocular pseudo-parenchymatous masses. 
The cavity is usually narrow, dine to cushion-like projections of the 
wall into the lumen. In small unilocular stromata, the cushion 
arises usually at the base, the cavity being convex outwards. 
In larger stromata cushions may also project from the sides, lead- 
ing to ^'Ciy irregular formations. In transverse section through 
the middle of the stroma (PI. HI, Pig. 3 ), the cavities are quL 
irregular in position, but near the apex the arrangement may be 
roughl}?’ circular, due probably to several loculi converging to a 
common opening. Ijaterally situated loculi may, however, open 
by separate orifices. In longitudinal section (PI. Ill, pjg, 2 ), 
there is no uniformity of disposition or size of the cavities. The 
mouth is formed late and is usually not prominent. 

The spores are of two kinds, both borne on exactly similar 
sporophores. The latter arise from the innermost layer of the 
pseudo-parenchyma, which .is not sharply marked* off as a 
hymenium but consists simply of small, rather elongated cells, 
light yellow in colour (PL IV, Pig. 6). Prom these one or more 
hyaline sporophores arise and project into the cavity. Usually 
the sporophore is branched, the branches arising chiefly near the 
base and each terminating in a single spore (PI. IV, Pig.s. 7 & 8) 
In some stromata unbranched sporophores predominate (PI. IV, 
Pig. 9). Septa occur sparingly and the ultimate branches are 
always slender and uuseptate. Each sporophore appears always 
to bear only one kind of spore, but as they are closely crowded 
at the base, and both spore forms are found side by side in the 
same cavity, it is difficult to be certain on this point. Both 
kinds of spores appear to arise simultaneously. 

The most highly differentiated spore form (PL V, Pig. 1 ), 
consists of brown, elongated cells, rounded at the ends, 
unicellular or with one or two transverse septa, usually straight 
but sometimes curved, the curvature in bicellular spores beino’ 
occasionally sigmoid. They measure 15-24^ 3-75 to 5 /u. In 
.^rae cultures unicellular spores predominated, in others bicellular. 
ihree-celled spores are the least numerous. Germination occurs 
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ill iess than 24 hours by an outgrowth from one or both ends, the 
germ-tube remaining’ uiiseptate until it has reached a consider- 
able length (PI. V, Pigs. 4 & 5). « 

The other spore form (PI. V, Pig. 2), consists of hyaline 
filamentous cells, usually without septa but with many oil drops, 
straight or irregularly curved, variable in length and breadth, the 
longest being often very narrow, sometimes broader at the base 
and tapering to a narrow apex, sometimes quite uniform in 
diameter. They measure 20 to 60 by '6 to 2 /x. Germination 
was not observed. 

An intermediate form of spore (PI. V, Pig. 3) is sometimes 
found, consisting of pale yellow, elongated, 1 -septate cells, borne 
on sporophores of the type above described and measuring 18 to 
30 by 2 to 8 ‘7 5 /x. 

After the pycnidial stage had been obtained in pure cultures, 
it was found in two cases on old canes attacked by the disease, 
one being an inoculated cane at Pusa, the other a diseased cane 
from Jorhat. The stromata develop in the internodes, under the 
epidermis, or one or two layers deeper in, and are smaller than 
those obtained in culture. The outer fibrous lajmr is absent or 
reduced, the mass of the stroma being parenchymatous. The 
base is broad and extends for some distance all round, as a narrow 
stromatic layer between the tissue cells. In the centre, the 
epidermis is raised up and ruptured by the roughly conical, deep 
portion of the fruit body, which is hollowed out into one or 
several cavities. Unilocular stromata are common, the cavity 
being irregular or sometimes imperfectly divided by incomplete 
walls. The mouth is usually single and develops late. Both 
spore forms occur in the loculi. 

There is much greater uniformity in the spore eharaoters in 
any one culture of the fungus, than would appear from the above 
descriptiou, which is based on the examination of a large series. 
Thus, in some cases, the first spore form was almost entirely 
unseptate and small and the second broad and distinct ; in others 
bieellular spores of the first type were chiefly found, intermingled 
with which were a few hyaline, attenuated spores of the second 
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type^; m others again the narrowly filiform second type predomi- 
nated, while there were numerous “intermediate” spores and 
ordy a few typical bieelluiar brown spores : finally in some eases 
especially m the earlier cultures, all the types above described’ 
except the “ intermediate,” were found, though 3-celIed spores 
were never common. ^ 


Hence we W had some difficulty in deciding whether the 

fungus should be considered to belong to the sections 
or Phcmphragmim of the Spimrioidaoere. But the cliaracters as a 
whole agree better with those of the latter section, of which 
Hendenionia is the main type, than with the former, which 
consists mainly of Diplodia and its allies, and the 3-celled brown 
spores should, we think, be considered as the most highly differ- 
entiated and. therefore, most important for systematic purposes 
The genus differs from the rest of the Phw^^phxcgmiw chiefly 
in the characters of the stroma and the possession of two distinct 
types of spore in the same loculus. The latter peculiarity 
approaches it to the genus Phomopiris amongst the Hyalosporir, 
and it IS of great interest as supporting the view' that the 
hyaline, filamentous bodies of the latter genus are true spores 
and not merely di,sjuiieted basidia as has been maintained by 
some observers, There cannot be the smallest doubt that thes'e 
bodies in the present fungus are spores, for they are borne on 
true sporophores, in an exactly similar fashion to 'the spores of 
the first type. Another fungus in which two spore form.s are 
found m the same pyonidium is Fusicoccum mticohmi Red* • 
which Sheart has shown to be the imperfect form of Oryptos- 
porella viticola Shear. Shear distinguishes the two spore forms 
as pyonospores and soolecospores, and believes the latter to be 
true spores, not basidia as held by Reddick. The pyenidia 
themselves are immersed in a stroma, which is evidently of much 
the same type as that of the sugarcane fungus.J It should be 


* Reddick, D. Necrosis of the grape vine, Cornell Cniv Ao-r Fsni- «!tnf p n 
in I9ST20 hir'V grapes caused hy Oryvtosvorelhi 
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noted that several species described as Phomopsis are mulfciloeular 
stromatic'^, though Diedicke, who has most fully studied the 
genus, places it amongst the simple forms, and does not seem to 
include any species with a multiloeular stroma. Another genus 
which may be compared is Endothiella Saec., where the bodies 
described as filiform basidia or pseudo-paraphyses are probably 
seolecospores. 

The following is the diagnosis : — 

Hendersomna Butl. nov. gen. SphcBropsidacearum — Stro- 
mata innato-erumpentia, atra, coriaeea, parenchymatice oontexta. 
Pycnidia (loculi) iramersa, inmqualia, ostiolis srepe confluenti- 
bus. Pasidia ramosa. Sporulm in basidiis acrogerne, alterin 
fuliginem, ellipticse vel elongatm, rectre vel curvulm, continuaj 
vel 1-2 septatm, alterm hyalinse, filiforraes, rectm vel flexuosa:;, 
eontinuas. 

Hendersonina Sacchari Butl. n. sp. Stromatibus cortice 
innatis demum erumpentibus, subgloboso-conicis, 1-2 mm. diam., 
atris, intus 1-pluri-locularibus ; loculis irregularibus, subinde 
incompletis vel inter se comraunicantibus, ostiolis smpe confluen- 
tibus; contextu brunneo, minute parenchymatico ; basidiis ramoso- 
fasciculatis, hyalinis ; sporulis dimorphis, aliis fuligineis, rectis vel 
curvulis, ellipsoideis vel elongatis, utrinque obtusis, continuis vel 
1-2 septatis, 15-24 V' 3*75-5/4, aliis hyalinis, filiformis, rectis vel 
dexuosis, pluriguttulatis, 20-60 V 'd-2 /^. 




* 0 ,./. Harter, L. L. & Ethel C. Field, 
dry rot. Phytopathology, II, 1 912, p. 121, 
p. 263. 


Ill culmis Sacchari o-fficinarum in India, or 
As this fungus is possibly the lower stage of a Pyrenornyeete, 
attempts were made to obtain an ascigerous stage in culture on 
organic media. The following were tried : -Potato, carrot, onion, 
plantain, Colocasia corm, fruit of Carica Papaya, fruit of 
Paidium Gnajava, boiled rice, bread paste and sugarcane pith. 
The last medium was the only one, besides nutrient agar, in 
which pyenidial stromata were developed and none gave rise to 
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an ascigerous stage. After a week the onion cultures were the 
best, followed closelj^ by carrot, potato, Oarica, Colocasta, Psidium 
and rice. On bread also the growth was good, while plantain 
and sugarcane were much inferior, especially the last. The 
mycelium was loose and had begun to lose its original white 
colour in many of the tubes, the upper part of the aerial 
mycelium (which exceeded 2 inches in height in some of the 
cultures) turning grey, except in the plantain, rice and sugarcane 
tubes, while the growth near the surface of the medium remained 
white in all. A submerged growth had developed in the water 
in the bottom of the (potato) tubes and this became light purple 
or pinkish in the carrot, onion and Carica tubes. The medium 
was discoloured dirty grey in the onion tubes, eye-grey to purple 
in those of rice and slaty-blue in those of bread. Five days 
later a blackish crust had developed on the surface of the water 
in the potato, carrot, onion, Carica and Psidiimi tubes, the 
submerged mycelium was light cinnamon colour in the onion and 
Psidium tubes, brick red in the plantain, and unchanged in the 
others. The colour had diffused into the water. The aerial 
growth was turning brown on the surface in the carrot, onion, 
plantain, Golocasia, Carica, Psidium and bread tubes, with a 
little pink in places in those of Golocasia, The medium was 
blackened in the potato, carrot and Gai'ica tubes, while the upper 
part of the rice was dark coloured and a bluish line separated 
this from the unaltered lower portion ; the same bluish colour 
developed in the upper part of the bread paste. Seventeen days 
later there was little change, the growth in the potato and onion 
tubes was darker, that in the carrot, plantain, Carica and 
Psidium tubes had become pinkish in places, the submerged 
mycelium was chocolate-brown in the plantain, and chestnut in 
one of the sugarcane tubes, and a few dark dots were noticed in 
the denser parts of the mycelium of several tubes. These did not 
develop further and were ultimately found bo be merely 
condensations of sterile mycelium. 

The following inoculations were carried out with pure 
cultures, obtained as above described, 
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In October, 1909, 35 canes in a plot of strong liealtli^y Red 
Mauritius, about 7 months old, were inoculated at Samalkota by 
removing a cylinder, about half an inch in length, with a small, 
flamed coi’k borer and inserting a small tuft of mycelium. The 
cylinder was replaced after cutting a little off the end, and the 
wounded stem bound with sterile gutta-percha sheeting. Seven 
weeks later, two of the inoculated canes commenced to wither. 
In January, 1910, another inoculated cane withered and was sent 
to Pu.sa for examination. The condition of the stem was similar 
to that in the canes from which the fungus was first obtained. 
The inoculated internode wa.s bright red. The reddening extended 
upwards for 3 internodes, the 3rd having only one briglit red 
bundle. Higher up, the translucent, watery condition of tlie 
pith, already described, was found. Downwards, the reddening 
extended for 2 internodes. HyphiB were numerous in the redden- 
ed parts and pure cultures of the fungus used in inoculating were 
obtained readily. In February, four more of the withering inocu- 
lated canes were received, as well as two non -inoculated canes 
arising from the same clumps, which seemed to have become infec?- 
ted secondarily. The inoculated canes had typical symptoms. In 
two, the infection had extended downwards to the base of the stool, 
the upper part being less affected. In the other two, di.stinet red- 
dening occurred for 2 or 3 internode.s above the wound and the 
pith was translucent and hollow in the centre for some 10 inter- 
nodes higher, The hyphse were, as usual, confined to the reddened 
portion, where they were plentiful and easily obtained in pure 
culture, giving rise to the same fungus used in inoculating. The 
twonon-inoculated canes had become infected from below ground, 
apparently through the roots, and were withering asare.sult of the 
attack. The fungus was recovered from these canes also. Earlv 
in March the plot was inspected by one of us (E. J. B.). A number 
of the inoculated canes had withered and the disease had extended 
in some cases to other canes in the same clumps. The rest of the 
plot was quite free from disease, except where the second series of 
inoculations, to be described below, was located. The symptoms 
were typical and left no doubt of the success of the inoculations. 
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On the same date as the last, a second series of inoculations 
nas carried out in the same plot, by removing the soil from 

root r the exposed 

loots with a suspension of the mycelium beaten up in water. 

These also took well, and when seen early in March each clump 
had one or more withered canes. No other canes were withering 
in the rest of the row to which the clumps belonged nor, so far as 
could be observed, in any part of the plot, except the row in 
wiich the first senes of inoculations had been made. One cane 
10.11 eacli clump was split and found to have typical symptoms of 
icyhsease but there was no opportunity for microscopic exami- 
nation, Ihe .yniptoms were, however, so dettnite that there 
ivas no doubt that this senes was quite as successful as the first 
As the disease does not occur at Pusa, it was not considered 
advisable to carry out any inoculations in the field. Some were 
however, made on plants growing in tubs, at a distance from the 
farm crop. 1 he number of canes inoculated through stem wounds 
was SIX, growing in four tubs, one tub being kept as a control, 
Ilie inoculations were made m November 1 90U, exactly in the same 
manner as those of the first series at Samalkota. I n the follovvin^r 
March none of the inoculated canes had withered and two were 
removed for examination. The inoculated iuternode was found 
diseased in both, the mycelium being confined to the one internode 
in one case but extending to the next higher up in the other. The 
oUier plants were kept in the tubs until the following year by 
which .me they were still alive but had ceased growth, except for a 
tew feeble side shoots. In May 1911, they were cut and examin- 
in' much reddened near the wound 

the reddenuig extending for from 2 to 4 internodes each way’ 

, eve the reddened part, the characteristic translucent appearance 
and internodal hollowing of the pith was found. The red parts 
were lull of the liyphai of the parasite and, in one case, pycnWial 
stromata had developed in the iuternode next below thifo inocu- 
lated. The roots were not affected and no spread to other shoots 
in the same stoolliad occurred. The parasitism was, therefore 
much Ie,ss marked than at Samalkota, though the spread of the 
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mycelium iii the living tissues indicates a certain degree of para- 
sitic activity. 

In three other tubs, the main canes of which had been injured 
and in which a “ ratoon” crop was growing, inoculations similar 
to those of the second series at Samalkota, were made in Decem- 
ber 1909, the exposed roots being watered with a suspension of 
the fungus. No outward sign of disease appeared, and the follow- 
ing April the stools were uprooted, as also that in the control 
tub. All weie found perfectly healthy and no trace of the parasite 
could be detected in the tissues. 

It seems probable, therefore, that the disease is restricted in 
Its distribution by climatic or other unknown conditions, as so 
many ol the fungus blights of crops in India are. How iriueh 
damage IS caused by it is unknown. Both at Samalkota and 
Jorhat It was enough to cause uneasiness, but in the latter case it 
is still uncertain whether there are not two diseases at work If 
It should be found that the condition observed at Jorhat, in the 
Central Provinces, arid elsewhere, of excessive tillering, combined 
"1 i egeneration of the plant, soinetiines to such an extent that 
no true canes at all are formed, the whole plant reniaininit grass- 
hke, ,s caused by this parasite, then it will have to be i;ekoned 
asa serious disease. Meanwhile, further investigations are in 
progress and it is hoped that the publication of the present des- 
orip ion wil lead to the reoog«.ition of the disease, where it occurs, 
and ful er observations oil- its field characters. It is obviously 
impossible, at presen t, to suggest'toethods for its check beyond 

the ordinary precautions urged on previous occasions for routine 
Observance in sugarcane cultivation in India. 

Description of Plates III, IV and V. 

{Hendersonina Sacchari, But]. ) 

Pbate III. 

Pig. 1. Section of a sderotium of Hendcr.onim S.^cha,i, probably formed by the 

ZLe “T" - -..ronnded'b : 

.epaiate iieendo-parenchymatons wall, between wbici, the structure' is 

monrof 1 
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Fig, 1 '. liipe »lewtium in longitudinal section, showing the ine-uln,- 1,,,., 1- ■ 

'j. Anotliei lipe sclerotium in transverse section xVt the i ,t- 

showed only two lar-e loculi ‘ . ^ ^ 

Ih^ATE IV. 

tig I. section of part of the pith of a cane, infected bv ■ 

favife'' I?' ‘’x’!" spaces ijto ^'“111 

th::u:;.d xT.0 '-e,, 

,. -'. Very thick hjpha from the sm-faee growth obtained ou incubating an in 
ocu ated cane, hrauohes of intermediate diameter are numerous. Ihese 
m turn w.l, giro „« very Hne threads. Septation has not yet oeer™t 

.. ". Mycelinm from a culture, showing fine and intermediate hyphie and ehlamv- 
dospores. X e Hne branches are irregularly swollen, and at ™ t 

™.^tom„sed by a s.de branch, l.ater stage of growth than Pig.t 

o -1. J;W»jdoapores separated from the niyceliun. and germinating. X .iOO 

' “ “'''““^^“P-s. „ early stage, intercalar f . ditto, teHl • 

e a chain separating from the myeeliuin (one is germinating) rf old 

:»r'T.r ■ *- 

■' “ :--:,:LirSsn;;.r “■ “• 

„ 1 . ^asidia with hlauientons spores (scolecospores). X 6^0 

>. «. Basidia with the broad type of spore (pycno.,pore). X m 

■’ " bltdr°t ‘’T''*"”’' ® ^ol^o^^POtes of a 

hoade, typo than usual, that on the right with a young pyenospore. 

Plate V. 

t’ig. 1. Byeiiosporcs of Bendenomna Sacclmri. X o30. 

2. Scolecospores of ditto. Some stromata oontahi only the narrow type 
-.to.™ 1,1 diameter shown at a a. others the more irregular iw! 

Intermediate typo of spore between the pyenospore and scoleeospore types. 

I. (ieminatioi, of tlie pjeiio.spores, early stages (24 l.ours after; sowing). 

,) -J Ditto, later stages (48 hours after sowing). X 520* 


111 . — Helminthosporiose 

[HBlmwbthos'porium Sacchci7‘i Butl. ii. sp.), 

A species of this well-known genus, maii 3 r members of which 
are parasitic on Gramineas, is common on the leaves of sugarcane 
atPasa. The infected leaves first show small red spots' whiclr 
spread rapidly, chiefly in a longitudinal direction and, cxpeciallN- 
towards the tip of the leaf, may run together to form long sl ivaks. 
The centre of the spot soon changes to a dirty straw colour, arovniii 
which the margin remains red for a time and then change, s to dark 
brown. The spots occur equally on the midrib, where they may 
be confused with those caused by the leaf form of ColleMrickum 
Jipaium» and on the thinner part of the leaf. When mimeroiia 
they «iuse death of the leaf tissue, s beyond the limits of the spots; 
the tip of the leaf often withers completely and there may be 
long withered strips down the margins. 

The mycelium of the parasite i,3 found in the loaf cells of tlie 
spotted portion and also collects in small stromatie masses on tl.e 
surface of the spot. The hyphie are brown at the surface and in 
he outer cell layers, but hyaline deeper i„. They pass from cell 
to cell through narrow cracks in the walls (PI. VI Pio ‘’1 wliid 
are especially noticeable in the thick-walled .sclereiiehyina wliich 
oveAes the bundles but within the cells are swollen .sL,s almcst 
hll the cavity m the smaller cells. In the epideriiii.s they fr,-.- 
quently form sma 1 stromatie masses. The cells appea,' to he 

ailed in advance ot the growth of the fungus, as alAougl, the 
lyphin are numerous in the dead cells, it is rare to find peiieti-f 
tion of a still living cell. 

As soon as the centre of the .spot begins to turn sf.-, 
eoloured, factafi ^tici occurs by the growth ^f sporophoros from 
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the stromata, both those within the epidermal cells and those on 
the surface of the leaf. 

The sporophores are stout, erect, rather rigid hyplue, which 
arise from the peripheral cells of the stromata (PI VI Pio- 4 ) 
They are usually unbranched. 8 to 10 septate, dark greeni’sh-brown 
below, paler above and several times bent or “geniculate.” Spores 
are produced at each bend and at the apex, the lowest being the 
1 st formed and the bent condition being due to the spores beiiur 
a ways apical at first and being then pushed to one side by con- 
tinued growth of the sporophore from just below the insertion of 
tliejiore. The sporophores are 100 to 100 ,1 long, by .V 5 to 7-5 ,1 

Ihe spores (PI. VI, Fig. 5 ) are borne singly and readily fall 
off. Ihey are cylindrical or long elliptical in shape, with' very 
thick walls, and divided into from 4 to 11 compartments by broad 
partitions. The colour varies from olive green to brown and 
the size from 35 to G0,r long, by 8'5 to 12 broad. 

Germination occurs rapidly (within 3 hours in some cases) 
hy the protrusion of a germ-tube from each end of the spore. At 
the same time the internal partitions sometimes break down in 
the centre (PI. VI. Fig. 6). Part of the mycelium formed from a 
single spore culture m a hanging drop, is shown in the te.vt figure ; 
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drawn 48 hours after sowing. The fungus can be readily culti- 
vated on most ordinary media, but the spores formed in culture 
are usually smaller than those from the host plant. Ihe 
following inoculations were made with pure cultures on nutrient 
agar. 

In January 1909, 8 leaves of growing sugarcane were inocu- 
lated on the upper surface with a suspension of spores and my- 
celium, a drop of which was placed on each leaf and covered with 
damp, sterile cotton-wool. The leaf was not injured in any way, 
After 6 days, 3 of the inoculations were found to have succeeded, 
a red spot developing at the inoculated point and eventually giv- 
ing rise to a typical infection. The other 5 and the controls 
showed no change. A second series was made at the same time 
on young healthy shoots brought into the laboratory. On these 
6 inoculations were made, 3 being kept damp with cotton-wool 
and 3 by covering with bell-jars. The latter showed evident 
signs of infection in 2 days, but only 1 of the former succeeded 
and the spot was not visible until the fourth day. A mouth 
later 9 more inoculations were made on healthy shoots kept 
under bell-jars, all of which succeeded. One showed reddening 
in 24 hours, 4 more were visible in 3 days, and all were well 
marked in 5 days. A little later, 21 more inoculations were made 
in a similar manner to those of the last series. All succeeded 
well. 

The microscopic examination of the iiioeulated leaves showed 
that penetration occurred directly into the epidermal cells 
(PI. VI, Pig. 3). The infecting hypha swells up slightly in 
close contact with the cuticle and a narrow tube arises from the 
swollen portion and pierces the wall. As soon as the cell cavity 
is entered, the hypha swells up again and becomes freely septate, 
often forming a small mass of pseudo-parenchymatous cells. 
Prom this; branches pass to the deeper cells, and others approach 
the surface to form new stromata. The pressure exerted by these 
epidermal stromata is sometimes enough to rupture the outer 
wall before reproduction begins. The fructifications are usually 
confined to the quite dead central part of the spot 
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^ The species does not seem to agree with any of those pre- 

Viously described. About 30 are known on yariou.s grasses, but 
none on Saccliarura. The diagnosis is as follows 

Helmmtlmpm-ium Sacchari Butl. n. sp. Maculis amphi.v- 
enis, elongatis. initio rubris, dein avellaneis vel stramineis ac 
ierrugineo-marginatis, 3-Si5 V 2-0 mm; crespitulis minutis, atris ■ 
hyphis fertilibus erectis, simplicibus, 8-10— septatis, genieulatis 
olivaceo-brunneis, apice pallidioribus, 100-190 V 5’5-7'5 m ‘ coni- 
di.s acrogenis, eylindraeeis vei oblongo-elliptiois, utrinque 
lotundatis, o-lO-septatis, crassissime tunicatis, olivaceo-brunneis 
35-60 V 8-5-12 /x. 

In folis Sacchari officinarmn in India, or 
A fungus winch, from the publislied descriptions, bears a 
^nsiderable resemblance to the above, is known in Java and 
Hawaii under the name of Cercospora Sacchari, Br. de Haaii 
I was hrst described by Breda de Haaii in Java,* as the cause 
ot a leal disease to which the name “eye spot” was given, A 
mther aeeoimt was subsequently published by Dickhofi and 
einb n Hawaii it has been briefly described by Cobbf 
From the figures published in Wakker and Went’s well-known 
text-oook of sugarcane diseases^, it appears probable that this 
ungus IS really a Hdminthosporkmi and not a Oercospora A 

settle the question of their identity. 

Little requires to be said regarding the treatment as, so far 
this disease has not been found to damage the crop materially 
I It became severe, it would be advisable to strip off and destroy 
the affected leaves in the early stages of the attack (we have 
found the hrst spots in J une, at Pusa). There are a good many 

pi.o;2r7;ef;r7-x^^^ 

«ieutc. 7“St7v! 

t Cobb, N. A. Fungus Maladies of the Sugarcane. Exupr m^i vP ti n 
Planlcr. a.oolaUo,,, " a-'- 
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leaf diseases of sugarcane, but they cause little loss as a rule and, 
even in more advanced countries than India, do not seem to 
require treatment. 

PUSA, 

August Uh, 1913. 


Fig. ] 


„ 8 . 


Description of Plate VI. 

{Belminthos'porium Sacchari Biitl.) 

S«no,. tlaongh loafof s„g,„.c...e, 

oaccfian in the outer cells. X 350 

500* ''■"IN N,.|l 

Infection of ,^00 »,n-t.ce of leaf, f,,,,,. an i„„.,.|a,,i„.,, 

of the on er wal of the epiclennia and f.,,., nation of ,a,„'a|| atnnnalio 
masses in the epidermal cells. X !)3(). 

Conidiophores with young eonidia. X 350. 

Conidia. The tlnee upper immature, the throe lower mature. X j,»(, 
(jermination of the conidia. X 500. 

Reduced conidiophore .and conidimn, from a pure culture X 350 
Baae of conidiophore arising fro,,, with,,. 
the cell wall, not through a stoma. X 500 




PREFACE. 


HE material made use of in the preparation of this Memoir has 
been gathered from observations made at the Nagpur Farm, and 
the information supplied by the District Officers of the Central 
Irovinces and Berar. To these officers I desire to tender my 
sincere thanks for their unfailing kindness in collecting information 
and specimens. Without their assistance it wonld have been well 
nigh impossible to bring together a satisfactory collection of rices. 

The paragraph on ' Rice Soils ’ ivas written by .Mr F .T 
Flymen, Agricultural Chemist, C. P. To him my best thanks arj 
due for permission to include the note in the present publication 


Nagpur, 
July 1913 . 


R. J. D. GRAHAM, 

Economic Botanist, C. P, 





PKELIMINAEY NOTE ON THE CLASSIFICATION OF RICE 
IN THE CENTRAL PROVINCES 


BY 

R. J. D. GRAHAM, M.A., B.Sc. 

Economic Bolanist, Central Prmrinces. 

1. — Introductory. 

Preliminarij. — Tlie work of classifying the rices of the Central 
Provinces has been in progress during the past five years. The 
present memoir is a summary of the work to date, and is published 
in the hope that the results attained may prove of service to workers 
in other parts. The materials on which the enquiry was started 
were the rices collected from all the districts in the Central Provinces 
for the Central Provinces and Berar Exhibition of 1908. In the 
succeeding years this collection has been added to, largety through 
the kindness of District Officers, till at the present time a collection 
of 670 rices has been received. In cataloguing the specimens the 
vernacular names by which the rice was known in its own district 
have been made use of, and it must be clearly understood, that the 
670 rices referred to above represent only vernacular names and 
not necessarily distinct varieties. As a matter of fact, the ver- 
nacular name is no guide to the identification of a rice, e.g., the same 
vernacular is often applied to totally distinct rices in different 
districts ; while, on the other hand, the same rice often bears different 
names in different districts ; for example, the outstanding purple 
rice is named NagJcesar in Chhattisgarh, Jalkesar in Jubbulpore and 
Mahaprasad in Nagpur. 

Area, — In 1911-12, the most recent year for which figures are 
available, the area under rice in the Central Provinces was 4,780,560 
acres out of a total of 17,961,358 under crop. In Berar 41,487 

1 



2i0 


CLASSIFICATION OF BICE 


acres out of 7,057,414 were under rice. Thus in 1911-12 rice 
constituted 26-6 per cent, of the total area under crop in the Central 
Irovinces or 19-2 per cent, of the whole area under crop in the 
Central Provinces and Berar. 

The earliest complete figures available are for the yeai' 1 886-S(i 
Te 13,468,«75 under crop,’ 

in Beiar the area was 25,832 out of 6,558,379 acres under 
crop with percentages of 23-5 per cent, and 15-9 per cent, for the 
Central Provinces and Berar respectively. Bice moreover occupies 

!5i r®T 'te “rarest riv.-,,l l,eino- 

iheat which occupies 14-8 per cent, of the area. Ju tiu- CenrioJ 

lovmces and Berar rice and cotton respectively occupy ueirlv 

fS Z". ZT "1 

“u,s:':Z£r “““ “>■ ■“«> •■■■ 


Dl.strit;t. 

Area ill 
iSSu-Sd. 

Area in 
1911-12. 


Saugor 

namoli . . ■ ■ 

Aeivs." 

I2,i57a 

Aerc'H. 

I7,8](> 


Jiibbulpore .. 

4i),lG;{ 

49,358 


Mandla . . * 

R-2,l(i0 

1,36,131 


Seoni .. “ •• 

47,385 

1,22,312 


NarHiiiglipur . , ’ ’ ‘ ' 

1,06,103 

94,634 


Ho.siiaiigabad 

Mmar 

2i),(i;")0 

11,465 

44,144 

1 1,984 


BotuJ _ 

12,560 

12,357 


C'lihindwara .. ’ 

12,09() 

1 2,059 


A\'arclha . . 

5,415 

11,578 


Nagpur 

4,050 

4,349 


(^'haiifla 

02,763 

2Sj948 


Bliaiidara . . ' ' ' 

1,89,330 



Balagbat 

2,72,855 

4,S5,’lil3 


Drug 

2,27,385 

2,84,252 


Raipur 

Bila.spur . . ’ ’ ' ' 

I1,H757 

6,55,099 1 
14,28,568 1 


SambaJpur 

7,16,620 

1 1,19,023 


Amraoti . . ’ ’ . 

1,76,013 



AkoJa 

559 

6,1 50 

.1 raj isjf !•)•(. ,1 1 ,, 

Ellic'hpur 

331 

16,171 


Alelgkat- 

Buldaiia . ‘ ' • • 

4 

4,293 


JuejudiMl ill AlJllu.) 

wun ;■ 

6,180 

t: 

■Ditto 

Afeotmal .. ■■ 1 

Basim . . ’ ' " | 

2,956 

U,509 

13,884 

liH'liided in Yeoi.,,,, 
Iiit-'liided in Akohi 
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A B 0 1> I’’ 

Calcium Carbonate .. .. 0'31 0‘20 O’OB 0'04 l‘J8 

Loss on ignition .. .. 2'42 4‘47 3'o8 .‘Clb rr02 

Nitrogen . . . . . . ’b7 ‘27 '44 •4f> *48 

Gultimtion, — Rice is grown throughout the Central Provinces as 
a rains crop, only in the Sironcha tahsil of Chanda is a cold weather 
rice crop grown. This is locally known as pmsam or grishma 
Imt Briefly stated there are three methods of rice cultivation. 
The first is broadcast sowing, general names for which are bootia 
in Bhandara and hota or hoar in Balaghat. This takes place either 
before or immediately after the first showers of the monsoon. Di‘y 
broadcast sowing is known as Itliwrm in Chhattisgarh and as topa 
or jhura in Danioh, while wet broadcast sowing is ternuul fa^^hoctard 
in Chhattisgarh and also batar in Bilaspur and Drug. In tin*- latte i' 
district hogdum is the name applied to wet broadcast sowing wlu'u. 
the seed is covered by the plough. Antia is the teiMu used for wet 
broadcast sowing in Chanda and Bhandara. A variation of wet 
broadcast sowing is common in the Chhattisgarh Division, in 
Balaghat and Chanda and in Damoh and Jtibbulpore districts. Thc 
rice grains are placed in an earthen pot or a basket and tliorougidy 
moistened. This is then covered with cow-dung and straw. In 2-4 
days the grains germinate. The- artificially germinated grain is 
then broadcasted in fields which have been carefully puddled. Thk 
process is known as lehi in Chhattisgarh, kaomk or lehi in Drug and 
Balaghat, midlca or haorak in Chanda and kaomk in Bhandara,. In 
the Northern districts it is called nuwkhaiva. 

The second method of rice cultivation is biasi which consists 
of broadcasting the rice by any of the methods mentioned above, 
followed by a second process of ploughing when the plants are a 
foot high. Biasi is confined almost entirely to the Chhattisgarh 
Division, 

Thirdly, transplantation called ropa in Drug, rohna in Chanda, 
and rohna or parha m Balaghat and Chanda, a process by which 
the seed is sown in carefully prepared and heavily manured nursery 
beds at the beginning of the monsoon ; when the plants are 12 — 18 
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inches high, they are planted out in the rice fields, which have been 
especially prepared. The advantages of this method, when pro- 
perly carried out, are a considerable saving in seed, a marked in- 
crease in yield and an improved quality. The chief disadvantages 
attaching are the necessity of a large supply of labour at one time, 
the necessity of opportune rain, in the absence of irrigation, to en- 
able the fields to be prepared and a decided lengthening of the time 
necessary for the crop to mature. The physiological factors involved 
in transplantation are somewhat obscure, but the conclusion at 
present, arrived at after a number of experiments, is to the effect 
that transplantation acts in a way like root pruning, the injury 
to the root system stimulating the growth of the sub-aerial portion 
and resulting in increased tillering. The root system of the trans- 
planted. rice is developed from the lower nodes of the stem, the 
first or seedling root system in many cases dying completely. In 
fact a series of experiments shewed that amputation of the root 
system of the seedlings did not interfere with the development 
of the transplanted plants. 

In Basim taluk of Akola rice is sown in open fields in lines by 
means of a drill. In the Zamindaris of Chanda the khanori system 
of rice cultivation is practised, xi piece of jungle is cleared in the 
hot weather. When the ground has been covered with wood to a 
depth of a few inches, the who.le is set alight. Kice is then sown 
in the ashes and this ends the cultivation. This method which is 
also followed in other jungly parts of the Province is known else- 
where as dahia. 

Broadcasting is the usual method of cultivation in the Cen- 
tral Provinces. Out of the total in 1911-12, 3,154,908 acres were 
under broadcast rice. The practice of transidantation which until 
a few years ago was unknown in Chhattisgarh is being introduced into 
the Division with great success. The area has risen by 25,000 
acres within the last five years. Practically throughout the Pro- 
vince the crop is grown in embanked fields. These embankments 
collect the rain water. Only in hilly tracts in a mixture with Kodo 
and Kiitkl or as a catch crop in certain parts of Wai'dha, Jiibbul- 
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pore, Betiii and Hosliangabad are quickly ripening rices sown in open 
fields. 

Methods of The line of attack has been by means of pui'e 

cultures. Every rice received has been observed in cultures as 
follows; — From each variety sent in, four of the largest and at the 
same time most typical heads were selected. In a number of 
instances where the sample was very impure, subordinate types were 
selected ; in some cases as many as six were found necessary as for 
instance in Bikia (Jubbulpore). Of these heads three were 

mounted as herbarium specimens for reference, while the grains from 
the fourth were removed and placed in an envelope preparatory to 
sowing. The contents of each envelope were sown in a line and the 
produce compared with the specimen on the herbarium sheet. 
Where the produce differed from the type, further pure cultures 
were made, heads being selected from the original sample, and at the 
same time the types found in the produce were separated out as 
indicated in the case of the origmal selection. In. this way it was 
possible to check results, and at the same time to observe how far 
natural crossing took place. So far no cases of natural crossing 
have occurred in the line cultures. The occurrence of the grains 
of a wild rice, Tm, in many samples of rice received from Eaipiir 
together with the fact that the presence of Tari in a rice field is held 
by the cultivators to lead to the deterioration of the crop suggests 
however the occurrence of natural cross-pollination. This is parti- 
cularly interesting on account of the occurrence of a similar pheno- 
menon in Texas.(l) The presence of a small quantity of red rice 



plants is sufficient to vitiate a white rice crop which can only be kept 
pure by the weeding out of the red grains before sowing. Since 
this preliininaiy note was written, Hector( 2) has shown that natural 


cross-pollination takes place at Dacca to an extent provisionally 
estimated at 4 per cent. The absence of any cross-pollination at 
Nagpur would seem to indicate that this only takes place under 
certain limited conditions. A further check was maintained by the 
selection of the produce of the best lines for trials on large plots. 
The produce of each of the original lines was compared and the best 
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were cliosen for further trials against the best local varieties. This 
second selection served a double purpose. It raised the work of 
classification from the level of a mere piece of academic research to a 
work of practical value and it furnished a check, were such needed, 
on the observations made while the particular rice was grown in 
line culture. 

Problems involved in Improvement. — There are two main openings 
for the improvement of the rice crop, depending on the quality and the 
quantity or yield of the rice. Generally speaking, the smaller and 
more slender grained rices are considered of a finer quality. A 
second ([uality found in cond)ination with the finei' grain is fragrance. 
This is a, ])cciiliar mouse-like smell jjossessed Iw the gra.iji and also 
noticed when 1h(i rice is in llower in the field. This fragi'aiice, tliough 
not apprecia ted Ijy Europeans, — it is said that a distingiiislied mem- 
ber of tlie Agi'iciiltural 8ervi(je soon afttvi' arriving in the country 
fell foul of his cook for serving him witii vice with a moiiscvy past — is 
lield in higli esteem by the imtives of India.. 

These finer rices naturally weigh ligliter than tluj (ioarse ones. 
The weight in 1911 of the grain from 200 heads (rf a c'oarse rice 
usually lay between. 050 and 750 gra ins though Oangawcdoo (Chanda) 
weighed 1,041 grams. On the other liaud, a, similar iminber of 
heads of a fine ritic usiiall)^ weighed between TOO — 400 gra.ms, the 
lowest weight being 223 grams in Ikignwchh (.Jubbulpore). The first 
problem, then, is i;o get a, high yiiilding fine lice. Tlie second pro- 
blem is simple, to improve the yield of the coarse rice. 

A minor p.i.‘oblem is introduced by the practice of polishing the 
rice before it goes to the market. In the polishing process the rice 
is liable to be broken and the price lowered. Generally the longer 
the grain the more liable it is to be broken. This is a second reason, 
the first being tlie lighter weight of the grain, why the finei* rices are 
usually nearly double the price of ordinary. 

Wild Pice. — The investigation of the wild rices of the Province 
is still in progress. TTie following is a summary of the facts. Wild 
rice is connnon on the margins of tanks, Dewdlmn (Jubbulpore), Ghori 
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Fashcur mi^ Bd Fasliar (KaipmO,' m marshy places and as weeds in 
the rice fields ‘ Fashi ’ and ‘ Seda' (Jubbulpore), Tari, Kala^ Katanga 
and Karmiga Fasliar (Raipur) and ^Farsad,^ of which there is an early 
and a late variety, from Chanda. The most important distinction 
between the wild rice and the cultivated is that the spikelets, wlien 
the grain is mature, are very deciduous. They are usually stoutly 
awned and have a dark red grain. The wild rices growing in tanks 
are usually tall, having the powers of adapting themselves to the 
depth of water in which they grow, and their grain takes longer to 
mature. The grain of the wild rices is harvested by Gonds and 
Dhimars who tie the rice plants into clumps and thus prevent 
the grain falling. The grain is sold to the poorer classes and 
is also used by devout Hindus on fast days (Upass) and on tlic 
' Harclihat ’ festival. 

The awned wild rices seem to agree with Oryza sativa var. 
fatiua, Prain.(3) A wild rice from Raipur with a dirty white 
grain and an awnless wild rice from Bhandara appear to be culti- 
vated rices and run wild. Watt (4) records the discovery by Diithie 
of 0. ofjicimlis, Wall, syii. 0. latifolia, Desv., in Chanda. This wild 
rice differs from the others in having multiveined leaves. Its 
occurrence is reported from Allapilli and Sironcha. As already 
mentioned the occurence of ‘ Tmi,' whose grains do not fall down, 
mixed with many varieties from Raipur, suggests the occurrence of 
natural cross-pollination. 

, 11. — Classification. 

Freliminary. — The most recent publication on the classification 
of rice is the work of S. Kikkaw^a.(5) In this wmrk two schemes 
of classification are given. The first divides the rices according 
to their agricultural characters, the second by the characters of the 
grain. Only the second is applied in classifying the Burmese rices. 
An older classification of rice, based solely on the grain characters, 
occurs in the “ Handbucli des Getreides ” by F. Koernieke.(6) 

The use of agricultural characters in a scheme of classification 
demands a considerable amount of caution. In the rice plant ive 
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may distinguisli two characters which are developed owing to the 
special environment in which the plant grows. The first is the time 
of ripening and the second the water requirements of the plant. 
The first, however, is largely determined by the second. In a large 
area with marlvedly different climatic conditions in the Noi’th and 
South like the Central Provinces, where the crop is not entirely 
dependent on seasonal rainfall, and where many different systems of 
cultivation are in vogue, it is obvious that no hard and fast system 
of classification based on these agricultural characters can be laid 
down. This will be made clear by taking up tlve agi'icnltui'al 
characters in detail. 

Time of ri/peymig . — The rices are l>Toadly divided in these 
provinces into tliree main classes, viz., early, medium and late, 
which corres]:)ond with the sid)-divisions mentioned by Kikkawa.(7) 
Roxburgh, on. the otlier ha,nd, in classifying the Bengal rices re(‘og- 
nises only early and late rices.(8) These terms refVr to the tiine of 
harvesting of the rices. Early rices, many of which a.r(‘ ready for 
harvest by September, are sown on the higher fields wliere tlie water 
does not collect to a great extent, owing to the catchment area being 
small a,nd their receiving co.mparatively little drainage. Th.(?se are 
also the only rices sown as catch ci'ops a,nd in iinembanlved fields. 
The earlier the variety the poorer* and more exposed the field it is 
sown in. .Late rices are always sown on heavy soils, in embanked 
fields, and in low-lying places ; as the name implies this is the last 
rice to be harvested, at times being on the ground until the middle 
of December, and unless the field is protected by irrigation, the suc- 
cess of this (*rop depends on the rainfall of September and October. 
Generally the late rices are grown in the fields that command the 
most assured and continuous supply of water. Medium rices ar-e 
sown on land intermediate in character. They are longer in matur- 
ing than the ea rly rices, but not so long as the late rices. Taking 
the average of the rices grow.n under observation, an ea,i‘ly ric(‘ 
matures in 12.1 days, the range being from 106 to 145 days ; a medium 
in 125 days, the range being from 110 to 169 days ; and a late rice in 
133 days, the range l)eing from 119 days onwards. The period be- 
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tween isowing and tlie appearance of the ears in the three classes is 
87 , 90 and 01 respectively. It isevident, therefore, that the earliness 
and lateness of a rice depends not so much upon the vegetative 
period of growth as upon the reproductive period during which the 
fruit matures and ripens. Though the rices fall broadly into these' 
three classes, there appears to be a considerable latitude, even in one 
district, in placing any given rice in its class. The difference is 
■still greater, when rices of the sa.me class from different districts 
are considered. Thus early rices from Jnbbnlpore matured on the 
averagem 113 days, the range being from 109 to 132 days; medium 
nces m 120 days, the range being from 117 to 129 days, and late licos 
in 128 day,s, the range being from 119 to 1.55 days. The early ric('.s 
from Ra,ipiir iiiaturecl on the average in 124 days, the raiigc being 
from 105 to 145 days ; the medium vices in 127 days, the range being 
from 112 to 141 days ; and the late rices in 138 days, the range being 
from 123 to 156 days. Comparing these figures : 


Oia.sR. 

Jvibbirlpore. 

1 Riiipur. 

Early 

1 . in . 

1 24 

Medinin . . 




120 j 

1,27 

Late 



■ - - 

128 1 

J 

138 


We find that the Jubbulpore rices are distinctly earlier in matur- 
ing than rices of the same class from Raipur. This is probably diiell) 
to irrigation m Raipur being far ahead of Jubbulpore. (2) to the 
practice of biasi m Raipur which delays the maturing of the plant. 

This difference is clue to irrigation and methods of cultivation in 
these districts, coupled with the ivicle range for the same class even 
from one district, shew how unsatisfactory a classification must be 
based on the time of ripening of the rices. 

CoU weather Rice.—Geemsal, a rice from the Sironcha talisil of 
Chanda, is generally sown in January and harvested in March. 
This is an interesting variety as it is the only cold weather rice report- 
ed m the Central Provinces. The yield is said to bo poor in spite 
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of heavy maiinring and irrigation. Its survival is probably due to 
the isolated position of Sironcha and it will probably disappear as 
soon as the country is opened up. The rice can be grown in the rains, 
when it behaves like an early rice, and hence it nray be placed with 
these. 

Resistance to drought and flooding. — Rices fall into three main 
groups in regard to their water requirements, viz., drought resistant, 
normal and flood resistant rices. The most highly drought resisting 
rices can exist for from 20 days to one month without water. In the 
North of the Province these are found amongst the early rices, else- 
where amongst the late rices. Flood resistant rices are found mainly 
amongst late rices. The longest pei'iod that a i‘ice can withstand 
flooding is for about 1.5 days. If a suggestion maybe made in ex- 
planation of the curious phenomenon that amongst tin; late rices 
both drought i-esistant and flooil resistant va;rieties occur, ma.y it not 
be tha.t the da-ngei’ of flooding to which the late rices, growing in the 
lowest fields, are exposed in tlieii* early stages, and tlie late date of 
maturing, occurring long after the seasonal rainfall has ceased, have 
evolved a type which may be both flood and drought resistant. 

Height. — Tlie avei’age height of a. rice plant is between two 
and half and three and a half feet. There are, however, amongst the 
early rices a large number which attain a lieight of only IS inches 
to two feet. These may be classed as short rices. Only one example, 
Pongha, of the tall rices mentioned by Watt(9) has been found in 
the Central Provinces. It occurs in tanks in Chhattisgarh, Balaghat 
and Nagpur. The height varies with the depth of water, but speci- 
mens over 6 feet long are not uncommon. It is not proposed to 
make use of the height of the plant as a main point for classification. 
The tall rice is interesting as a systematic variety. It along with the 
short rices, falls into a group of systematic varieties which may be 
termed ‘ special rices.’ As pointed out by Kikkawa(lO) the shorter 
rices are less liable to lodge, but any advantage gained from this 
is more than counterbalanced by the fact tliah, so far as the 
Central Provinces are concerned, the short habit is associated with 
poor tillering and a small panicle. 
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Leaf . — The first (liagiiostic character noticeable in the young 
rice plant is the coloui* of the first leaf sheath. This can be observed 
five days after sowing. The normal colour is yellowish green, or a 
green usually distinctly lighter than the colour of the lea,f. In 
certain classes, however, the colour is a shade of red or purple, in 
the latter ease vso me times almost bordering on black. The coloiii* 
may extend throughout the length of the leaf slieatli, or may be 
confined to the lower portion, just above the ground level The 
colour may further be either temporary or permanent. General^ 
speaking, the deeper shades are lasting, while the lighter shades may 
or may not disappear* later. Oiie interesting correlation has been 
observed in connection with the coloured leaf sheath. All rices 
which have a coloured leaf sheath have a dark coloured apiculus to 
the glume and palea. The convei’se is possibly also true, but there 
are still a few exceptions which are probably due to a very fleeting 
colour in the leaf sheath. 

Coloured Rice . — In one va,i‘iety of rice the plant is a, bronze 
purple red and a field planted with this variety forms a, striking 
contrast to its verdant neighbours. This is due to a coloured 
sap ill the cells of the epidermis. In the young leaves the colour 
is developed mainly in the epidermal cells lying in the furrows be- 
tween the sclerenchyma ridges. As was pointed out by Mooker- 
jee(ll) this variety would be a convenient one to select for intro- 
duction on accomit of the ease with which a field could be rogued. 
I agree with Kikkawa(12) in his decision that from an agricultural 
point of view the difference in colour should not be made a, main 
point in a scheme of classification. From a systematic stand-point 
the colour of rice might well be described as a variety. 

Lhgule . — In the developed leaf another diagnostic character is 
found. The ligule which in the rice is continued round the sheath of 
the leaf as two ears or “ sickles ”(13) is either a Hght yellow colour 
or may be black with red. In the latter ease the stem appears to 
have, coloured bands or garters round it. These coloured sickles 
are commonly associated with a coloured leaf sheath, but the 
association is by no means invariable, as more than one rice with a 
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green leaf sheath have been found to have coloured sickles, e.g,, 
Parewa (Raipur). 

Peduncle . — The peduncle in the rice is variable in length and 
may either be exserted from the last leaf (flag) or enclosed by it. In 
classifying rices, a peduncle is said to be ‘ enclosed ’ when the lowest 
branch of the inflorescence is within the leaf sheath, and ‘exserted’ 
when the lowest branch, easily recognised by its complete ridge of 
ciliate hairs, encircling the stem below the branch, is free from, 
that is visible above, the leaf sheath. The length to which the ped- 
uncle is exserted varies. Those with a peduncle more than half 
the length of the inflorescence have been described as ‘ far exserted,’ 
those with a short peduncle simply as ‘ exserted.’ 

Inflorescence . — The panicle consists of a main rachis bearing 
primary and secondary branches. The rachis may be in one of three 
positions. It may be erect, curved or drooping. The last term 
is applied to a. rachis which bends in a sharp ciiiwe. 

Branches. — The branches of the inflorescence are all of the 
first and second order. The primary branches may either be ap- 
proximate or separate. Further the primary branches, like the rachis, 
may be either erect, curved or drooping. In certain rices, branches 
of both kinds occur. In this case the lower branches are erect and 
the higher branches drooping. Takdng the three types of rachis 
and the three types of branching, the following combinations occur. 
The rachis may be erect with approximate, that is, erect, branches — 
when the inflorescence is described as “erect.” Secondly, the rachis 
may be curved more or less in a semi-circle with approximate 
branches — ^^vhen the term “ curved ” is used, or the branches may 
be separated and themselves curved or drooping when the 
inflorescence has a feathery appearance. Lastly, the rachis may be 
“ drooping ” with approximate branches, when the inflorescence is 
drooping, or with separate branches when the inflorescence has 
again a feathery appearance. 

Gammie (14) makes use of the average number of primary 
branches in order to distinguish the rices of the Bombay Presidency. 
It is not possible to use this as a diagnostic character in the Central 
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Provznees rices as the number of primary branches is extremely 
'ra W withT ™ nf branches 

(iNaiwnghpm) had an average of 16 with a range from 13 to 21 i„ ,i| 

TuZ T"? ^ : '1:,; ' 

o n with a ange from 8 to 16 in 105 specimens examined. Tlieso 
thiee examples, taken from 64 medium rices examined show how 
unsatisfactory this character is as a basis for classification. A raime 
of eight IS by no means uncommon, the ordinary range beinc- six and 

will show that in certam cases the average number of primary 
benches does not even represent the number of greatest frequency. 


Iiasmibliog . . 
Raipur 


Average number 14 ; number of greatest frei 

Ari Motan . . 

Raipur 


No. of branohoH. 


11 

12 
i;j 

14 

15 
l(i 

17 

18 
ly 


No, of spoeimens. 


10 

15 

17 

22 


queney 15. 


Average number 9 ; number of greate,st freqj 


9 
10 
11 
12 

jnoncy indefinite. 


14 

10 

7 

14 
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Spikelel.—The spikelets are articulated on their p^edicels which 

ctLtrtmiy 

is expanded so as to' appear scale-like. HenceXokO er^ ctem** 
mg 0 oowcteto gives the number of glumes as 5, the spikelet beimp 
jointed above the Imvestpair. The sfoe of the facets is of a ce .tain 
amount of value m distinguishing the varieties. 
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Three main types of facets may be distinguished, viz., ordinary 
(Plate III, Fig. 1), membranous (Plate III, Fig. 2), and ciliate 
(Plate III, Fig 3). In the ordinary type the facets are cup-like, 
the rim sometimes being thickened : in the membranous type the 
margin of the facets is flanged or might be described as having 
an expanded lip which is a membranous expansion. The ciliated 
facets have short erect hairs on the margins of the facets. 

Each spikelet has three glumes, and a glimie-like palea. The 
outer glumes are usually small and sub-equal, not exceeding — J of 
the inner glume. The inner glume and palea are sub-equal. 

Clustered spikelets (17).— -Although the spikelets are usually solit- 
ary, in ‘ Bahia Ba/ihord ' (Raipur) and ‘ Berne ' or ' Jhingofri ' (Jubbul- 
pore) the spikelets are clustered on the secondary branches, from 2-7 
occurring close together (Plate IV). The branches of the panicle 
have consequently .a slightly interrupted appearance. The double 
grained rice indicates a direction in which we may look for an 
increase of the yield. 

Outer Glumes. — The outer glumes are usually small, coriaceous 
and shiny. Glume I is inserted at a distinctly lower level than 
glume 11. Both glumes bear the impress of the facets of the pedicel. 
The colour is usually somewhat paler than that of the inner glume 
and palea, ranging from a pale yellow approaching white through 
red to black. Ordinarily the outer glumes are inconspicuous, but in 
‘ Bokita ’ (Drug) and in ‘ KalidJiard (Iloshangabad) they are pale, while 
the inner glumes and palea are black. Further in ‘ Bhojraj,’ ‘ Nairn ’ 
(Iloshangabad) and ‘ 'Rmvihajar ’ ( Jubbulpore) the outer glumes are 
dark, while the inner glume and palea are light. The colours of 
the outer glumes are useful in diflerentiating the varieties. 

Rachilla . — Between the outer glumes and the inner glume the 
rachilla is frequently expanded in an annular thickening. This 
thickening tends to force the outer glume and palea apart. The 
extent to which the thickening is developed can be used to 
distinguish the rices. 
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Broadly speaking, tkere are two types of racliilia, viz., conima- 
sliaped and elbow-sliaped (Plate II). — The comma-sliaped racliilia 
lias an enlarged thickened portion immediately iindei* glume III, 
and the palea with a more slender curved stalk (Plate II, 
Pigs. 1,4). The elbow-shaped racliilia is uniformly thickened aiul 
does not show the distinction into head and stalk (Plate 11, 
Figs. 2, 3). 

Wiiiged 8piMets{m), --The outer glume in ‘Lai Panhha' 
(Chanda), ‘Panhha’ (Chanda), and ‘PaJcharya' (Chanda) are large, 
eq^ualling or exceeding the spikelets. Such rices have a characteristic 
winged appearance. This phenomenon, though interesting from 
a systematic standpoint, is limited to only a few rices and is not 
of much importance in the present scheme of classification. 

Inner Glume md Palea. — The inner glume and palea are boat- 
shaped, nearly equal, longer than the grain and enclose it com- 
pletely. Glume III is strongly 5-nerved, spinesceiitly hairy on the 
nerves. The palea is narrower than the glume, 3-nei:ved, the nerves 
being spinesceiitly hairy. The commonest colour is a pale yellowisli 
white, but all colours from this to black, through red, occur. The 
colours are constant within limits, and are useful as diagnostic 
characters. Frequently the colours are confined to the furrows be- 
tween the nerves, the nerves being themselves pale, while in a few 
rices the upper position of the glume and palea are one colour — com- 
monly red, while the lower portion is another, usually pale yellow, 
the spikelet thus having a piebald appearance. 

Aficulus . — The portions of glume III and palea, are solid 
and project in a larger or smaller terminal point or apiciilus. 
The apiculus and tip of the glume may be uniformly coloured 
with the rest of the spikelet or may be differently coloured, 
usually dark brown. At the time of flowering the tip of the 
glume is either concoiourous with the rest of the glume, red 
or black. These two latter give the dark brown apiculus and 
tip of the ripe spikelet. As already pointed out, this colour is 
normally associated with a coloiued leaf sheath. On either side 
of the apiculus are two smaller projections wdiich make the tip 
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of glume III tridentate (Plate II, Fig. 2). These are described 
by Watt(19) as glandular processes. As stated later by Wattj 
they are simply excrescences of the lateral veins of the glume. 

Awn . — An awn, if present, is borne on glume 11. The awn may 
or may not be articulated on the glume. The length varies in dif- 
ferent varieties from -J inch to 3| inches. Even within the same 
variety the length of the awn is by no means constant. The colour 
may be white, red or black, the first being the most common. The 
awn is scabrid and in the wild rice was undoubtedly associated with 
fruit dispersal and fixing the grain in the soil. In the Central Pro- 
vinces no aversion is met with to awned rices ; in fact, the best and 
highest quality rice Chinoor has an awn. In Damoh and 
Jubbulpore awned rices are sought after as the awns protect the 
crop from the attack of pigs. 

S'hze . — Tlie spikelets may be roughly divided into four groups. 
Long spikelets in which the length is more than four times 
the breadth ; fine in which the length is more than three times 
the breadth; coarse in which the length is more than twice the 
breadth ; round in which the length is less than twice the 
breadth. Any attempt to give definite mea,surements of Central 
Provinces rices has ended in failure. True, an average measure- 
ment can be made out, but the labour and time required for 
this is in no way compensa,ted by the results. For practical 
purposes the above is sufficient. 

Shape. — Kikkawa(20) groups the rices into six classes according 
to the shape of the grain. No description is given of the classes, 
and an unlettered photograph does not help to elucidate them. 
Broadly speaking, there are five distinctive shapes found in the 
Central Provinces. The shape naturally depends on the curvature 
of the glume and the palea. The classes are as follows : — 

I. Glume and Palea slightly convex. (Plate I, Fig. 1.) 

II. Glume and palea convex. (Plate I, Fig. 2.) 

III. Glume and palea very convex, (Plate I, Fig. 3.) 
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rV. Glume slightly convex, palea convex. (Plate I, 4.) 

V. Glume slightly convex or straight, palea straigii t oi: sliglitly 
concave. (Plate I, Fig. 5.) 

Among these five classes the first is by far the commonest. 
In the fifth class the shape often appears twisted or ^ shaped. 

As a rough guide to the meanings of these terms a slightly 
convex glume is four times as long as broad, convex three times, 
very convex less than three times : a slightly convex palea is five 
times as long as broad, convex four times, very convex less 
than four times. 

Stigma. — Kikkawa(21) mentions that the colour of the stigma 
can he used to distinguish the rice varieties. Three colours are 
found in the stigma, m., white, red and black. The white stigma 
is found in the rices which have a green leaf sheath , the red in 
association with the red leaf sheath and the black with the purple 
leaf sheath. It is therefore of little use to bring in an additional 
character which is associated in the Central Provinces rices with 
another which can be more easily made out. 

Grain. 

Glutinous Rices . — So far as the present collection has gone, 
no examples of glutinous rices have been found in the Central 
Provinces. Glutinous rices have been experimentally grown on 
the Raipur Farm, but with little success. They were also imported 
during the shortage of the rice crop in 1907, but were not ap- 
preciated even in a year of scarcity, so there seems little likelihood 
of an opening for them in the Central Provinces. 

An analysis of a number of Central Provinces rices by Hooper 
shows that the rices are in no way inferior to those grown in other 
provinces. 

Colour . — According to the colour of the grain, the rices of the 
Central Provinces fall into two groups. The first group contains 
all the white rices, while the second contains the coloured j'ices. 
By far the commonest in the Central Provinces are the white rices, 



The colour varies from pale yellowish white to a deep yellow. 
Amongst the coloured rices a dark terra-cotta is the commoiiestj 
but this may shade off into a light red or orange. The colour 
is contained in the pericarp. The process of polishing rice 
consists in the removal of the pericarp. This is rendered difficult 
by ridges on the grain. So far as can be ascertained, no objection 
is found to coloured rices, though, it is admitted that they 
are more difficult to polish and consequently are more liable 
to break in the process. There is no relation between the 
colour of the spikelet and that of the grain. In ‘ Nahu ’ (Hoshanga- 
bad) the spikelet is coloured, but the grain is terra cotta, while in 
' Bainssa’ (Raipur) the spikelet is almost black with a pale yellow 
grain. 

Size . — The size of the grain corresponds approximately with 
the size of the spikelet and the grains may accordingly be allowed 
to fall into the same classes in which the spikelets were placed with 
the exception of those with the long spikelet. No grain with a 
length greater than four times the breadth has been found in the 
Central Provinces. The length of the grain of a long spikelet and 
of a fine spikelet are greater than three times the breadth, of a coarse 
spikelet greater than twice the breadth and of a round spikelet 
less than twice the breadth. 

Here it may be mentioned that while rices are naturally bought 
and sold on the character of the grain, a general preference is shown 
for rices which have a narrow grain, but opinion differs with regard 
to the length. In Jubbulpore a short narrow rice is esteemed, 
while in Raipur and Chanda a fine, that is, a long narrow grain is 
sought after. 

Shape . — In shape, also, the grain usually follows the spikelet, 
though this is by no means invanable. Class I has a grain in which 
both sides are slightly convex and the shape is ellipsoid. Class II 
has a grain in which both sides are convex and the shape is broadly 
oval. Class III has a grain which is nearly round. In class IV 
the side of the grain next the glume is only slightly convex, while 
that next the palea is convex. In class V the two sides are nearly 
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svmmotriea,], botli sides being paraJlel, or if the palea is concave, the 
grain is almost crescentic. 

As already mentioned, the grain has ridges npon it which 
correspond with the nerves of the glume and palea. 

Double Grams . — In a rice from Bilaspur and anotlier from 
Narsinghpiir the glume and palea are reported to enclose two or more 
grains. This variety has already been referred to by Praiii(22) 
under the name of Oryza satim var Plena. Like the coloured 
rice and the rices with clustered spikelets this also ranks as a 
systematic variety. In the present classification the distinction 
between single and double grained rices cannot be made a main 
distinction. 

Abdominal White . — This term is used by Kildvawa(23) to 
describe the presence of a chalky white portion on the ventral side 
of certain rice grains-. When it occurs in the centre of the grain 
surrounded by a translucent portion, the term SShiratama ’ is used 
to distinguish the grain. Inagaki, quoted by Kikkawa, lielieves 
that the abdominal whitgis nothing but a portion, of tlie rice gi’ain in 
which the spaces, between the starch grains have not been filled, up 
with ' albuminous substances. Most immature .rices show an 
abdominal white and it appears on germination in grains whicli 
previously showed none. 

Micro-chemical examination of the abdominal white shows 
that the starch grains are less closely packed in, the cells in the chalky 
white portion and that the cells contain a large amount of dextiin. 

. It would therefore seem that the abdominal wliite is an indication 
that a grain is immature and that the carbohydrate has not been 
converted into its most concentrated form. The appearance of 
abdominal white in germinating grains is then due to the conversion 
of starch into dextrin. It is obvious therefore that the use of tlie 
presence or absence of closely related carbohydrates in. a portion 
of the endosperm as a basis for classification has nothing to recoin-’ 
mend it. 

Notched Grain. — Gammie(24) mentions the presence of a notch 
on the side of the grain as a diagnostic character in the rice varieties. 
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Separate 

Drooping 

Drooping 

Drooping 

Drooping 

Drooping 

Drooping 

Drooping 

Drooping 

Separate, drooping. . 


Much ex. Drooping 

Much ex. Curved .. Separate, curved .. 

Mui'h ex. Curved and drooping Separate, drooping 
Curved 


>3 Membranous .. Comma 

>3 Ciliate .. Comma 

>3 Thickened & ciliate Comma 


>2 Ordmary 

> 2 Ordinary 
>2 Ordinary 

> 2 Ciliate 

>2 Ordinary 
>2 Ordinary 

> 2 Slightly ciliate 

>2 Ordinary 

>2 Ciliate 
>2 Membranou.s 

> 2 Ordinary 

> 2 Membranous 

> 2 Ciliate 

>2 Membranous 

> 2 Ciliate 

>2 Membranous 

> 2 Ordinary 


>2 Membmnoiift/F 
ciliate. 

>2 Membranous 


II >2 Ciliate 

I >2 Ciliate 

I >2 Thickened ciliate 

III <2 Ciliate 


Comma 

Comma 

Comma 

Comma 

Comma 

Comma 

Elbow 

Comma 

Short comma 

Comma 

Comma 

Elbow 

Flat comma 
Comma 
Flat comma 
Flat comma 
Flat comma 
Comma 


Comma 
Flat comma 
, Comma 


Common 

Common 

Common 

Common 

Pale red 

Common 

Common 

Common 

Common 

Dark yellow 

Common 

Brown 


Common 
Common 
Dark brown 


Common 
Dark common . 
Dark brown 
Common 

Common 
Common 
Brown 
Dark brown 
Common 
Common 
Common 
Common 
Dark common 
. Purple brown 
. Common 
Common 


(1) Fine Spikelet.s. 

1'. I None 

None 

,r. Ap. 

r. 1 Ap. 

(2) COAKSE SPIKELET.S. 

Jr, None 

3i., 1/10" Brown 

id Ap. 

Rv None 


Dark common . • 

Brow'n 

None 

Dark common . • 

P. Br. 

None 

Dark common • • 

Brown 

Ap. 

Dark yellow' 

C. 

Ap. or Common 
short. 

Common 

D. Br. 

Ap. or 
short.. 

Common 

Brow'n 

x4p. .. 


Brown 

None 

Dark brow-n 

D. Br. 

None 

Dark common . . 

Brown 

Ap. 

Dark common . . 

D. Br. 

Ap. 

Dark brown 

D. Br. 

None . • 


(3) Round SpiiiELET. 

Common 

j Brown 

1 None 1 ■ 

1 I - 


j Pale yellow 
1 Piile yellow 
Pale yellow 
Yellow' 


O&IV >2 
IV >2 


> 2 Pale yellow' 

> 2 Pale yellow 

> 2 Pale yellow 

<2 Pale yellow 

>2 Pale yellow 

>2 Yellow 
>2 Yellow' 

> 2 Pale yellow 

■ > 2 Pale yellow 

> 2 Pale yellow 


IV >2 Pale yellow 

lY >2 Yellow 

I >2 Dark yellow 

I >2 Pale yellow' 

IV >2 Yellow 

III <2 ^.Ptaepillmv 

1 >2 Yellow 

IV >2 Pale yellow 

I >2 Yellow 

I >2 Dark yellow' 

" j ■> 

HI ; <2 Pale yellow' 


Pale yellow 
Pale yellow' 
j Yellow 
Yellow 
I Yellow 
Pale yellow 
Pale yellow 
Yellow 
Yellow 
Yellow' 
Yellow' 
Yellow 

Yellow 
Yellow 
Dark y'ellow 
Y'ellow 
. i Yellow' 

, Yellow 
j Palo yellow' 

, I Yellow 

. I Yellow', . 

. Yellow 
. j Dark yellow' 


II.— RICEjWITH COLOUEED LEAF SHEATH 
I. — White Geain 




VEGETATIVE CHAEACTERS. | 

SPIKELET. 

GRAIN, 











Glumes and Palba. 



Awn. 









tion. 

Peduncle. 

RacMs. 

Branche.s. 

Shape. 

Size. 

■ Facets. 

Rachilla. 







Shape. 

Size, 

Colour. 


-Embryo. 

Fragrance. 

Remarks. 



Empty Glumes. 

Glume III and 
Palea. 

Apiculus, 

Length. 

Colour. 



























(1) 

Fine Spikelbt.s. 









E 

Ex. 

Drooping 

Separate, drooping 

I 

>3 

Membranous 

Comma 

Pale red 


Common 

D. Br. 

None 


I 

>2 

Pale yellow 


Pale yellow 


Apiculus black at time of 



Ex. 

Curved 



>3 













thnyering. Rachis darlc brow'n. 




I 

Ciliate 

Comma 

Common 


Dark common . . 

Br. 

None 


I 

>2 

Pale yellow 


Daik yellow 


Apiculus black at time of flower- 


M 

Ex. 

Curved 


I 

>3 

Thickened & ciliate 

Comma 

Brovm 


Dark brorni 

D. Br. 

Ap. 


1 

>2 

Pale yellow 


Yellow 


ing. 

Apiculus black at time of flow'er- 


M 

Ex. 

Curved 



>3 













ing. Ligule black. 


Drooping 

I 

Ciliate 

Comma 

Common 


Common 

P. Br. 

Ap. 


I 

>2 

Yellow 


Yellow 


Apiculus black at time of flotver- 





















ing. Ligule black. 













(2) Coarse Spikelbts. 









M 

Ex. 

Curved 

Drooping 

IV 

>2 

Ordinary 

Comma 

Common 


Common ^ 

D. Br. 

None 


II & IV 

>2 

Pale yellow 


Pale yellow 


Glume w'ith light brow'ii furrows. 



Ex. 

Cui'ved 



>2 












Apicxalus black at time of flow- 


E 

Drooping 

IV 

Ordinary 

Comma 

Common 


Common 

D. Br. 

1/10" 

Brown 

IV 

>2 

White 


Pale yellow 


ering. Ligule black. Apiculus 
black at time of flowering: 

En. 

Erect 

>2 


L 

Separate 

I 

Ordinary 

Comma 

Common 


Brown 

Red 

Ap. 


I 

>2 

Yellow 


Yellow 


Glume suffused with black., Api- 



Ex. 

Curved 

Drooping 















cuius black at time of flo^vering. 


E 

I 

>2 

Ciliate 

Comma 

Common 


Dai'k brown 

D. Br. 

None 


I 

>2 

Pale yellow 


Yellow 


Glumes with light ridges, Api- 



Ex. 

Curved 

Drooping 


>2 














cuius black at time of flowering, 



I 

Ordinary 

Comma 

Pale red 


Common 

D. Br. 



I 

>2 

Pale yellow 


Yellow 


Apieuhis black at time of dower- 


L 

Ex. 

Curved 

Drooping 

I 

>2 

Ordinary 

Comma 

Common 


Common 

P. Br. 

None 


I 

>2 

Pale yellow 


Palo yellow 


Ligule red. Apiculus black at 


E 

En. 

Curved 

Drooping 

III 

>2 













time of flowering. 


Slightly ciliate 

Elbow 

Common 


Common 

D. Br. 

None 


III 

<2 

Pale yellow 


Pale yellow 


Ligule red. Apiculus black at 


E 

Much ex. 

Curved 



>2 













time of flowering. 


Drooping 

1 

Ordinary 

Comma 

Common 


Common 

Br. 

None 


I 

>2 

Pale yellow 


Yellow 


Ligule red. Apiculus black at 


M 

Ex. 

Curved 



>2 














time of flowering. 


Drooping 

I 

Ciliate 

Short comma 

Common 


Dark common . . 

D. Br. 

Ap. 


I 

>2 

Yellow 


Yellow 


Apiculus black at time of flow'er - 


L 

En. 

Curved 

Drooping 

I 

>2 

Membranous 

Comma 

Dark yello\v 


Purple brown 

D. Br. 

None 


I 

>2 

Yellow 


Yellow 


ing. 

Ligule black. Apiculus red at 


E 

Much ex. 

Curved 

Drooping 

I 


Ordinary 













time of flowering. 


>2 

Comma 

Common 


Common 

Browm 

None 


I 

>2 

Pale yellow 


Yellow 


Ligule black. Apiculus black at 
time of flow'ering. 


E 

Ex. 

Drooping 

Separate, drooping. . 

I 

>2 

Membranous 

Elbow 

Brown 


Common .. 

D. Br. 

Ap. 


I 

>2 

Pale yellow 


Yellow' 


Rachis brown at the origin of 



















branches. Apiculus black at 


M 

Ex. 

Curved 

Drooping 

I 

>2 

Ciliate 

Flat comma 

Common 


Dark common . . 

Brown 

None 


I 

>2 

Pale yellow 


Yellow' 


time of flow'cring. 

Apiculu.s black at time of floiver- 


E 

Ex. 

Curved 


IV 

>2 

Meuibrdnou.s 

Comma 

Common 


Dark common . . 

P. Br. 

None 


IV 

>2 

Pale yellow 


Yellow 

Slight 

ing. 


E 

Ex. 

Curved 

Drooping 

IV 

>2 

Ciliate 

Flat comma 

Common 


Dark common . . 

Brown 

Ap. 


IV 

>2 

Yellow 


i Dark yellow' 


Apiculus i)lac;k at time of flower- 


M 

Much ex. 

Drooping 


1 

>2 

Membranou,s 

Flat comma 

Common 


Dark yellow 

a 

Ap. or 
short. 

Common . . 

I 

>2 

Dark yello'w 


Yellow' 


ing. 


Ivhich ex. 

Curved 

Sep.u'ate. curved .. 

I 

>2 

Ordinary 

; Flat comma 

Common 


1 Common 

D. Br. 

Ap. or 


I 

>2 

Pal(' yellow 


Yellow .. 1 

... 

Glumes with rusty patches. Api- 


L 










short. 






eulu.s black at time of flow'ering. 


Much ex. 

j Curved an<l drooping 

Separate, drooping 

IV 

>2,. 

Ciliate 

Comma 

tlommon 


Common 


Ap. 


IV 

>2 

Yellow 


Yellow 

Glumes with rusty patches. Api- 



■ 













1 




eulus black at time of flowering. 


M 

i 

j f’urv-ed 


ni 

>2- 

lilt'mbrrtnons, slitirllv 
ciliate. 

Elbow -■ 


... 

Gtyminetxi 

Brown 

None 


.UI 1 

<2 , l,’,avyclLcnv . 



Ligule rod. Apiculus black at 
time of flowering. 


- 1 

Ex. 1 

Curved 

-Drooping 

I 

>2 

Membranou.s 

Comma 

Dark bro-«m 


Dark brorni 

D. Br. 

None 


I 

>2 

Yellow 


Yellow .. i 

Ligule red. Glumes lighter above. 



















Apiculus red at time of flower- 



E 

Ex. 

Curved 

Drooping 

II 

>2 

Ciliate 

Comma 

Common 


Dark common . . 

Brown 

Ap. 


IV 

>2 

Pale yellow 


Yellow . .. ! : 

ing. 

Apiculus black at lime of flow^mr- 



M 

Ex. 

Drooping 


I 

>2 1 

Ciliate 

Flat comma 

Common 


Dark common . . 

D. Br. 

Ap. 


■■ I ' ' 

>2 

Yellow 


Yellow . . i 

Ligule rod. Apiculus black <!(■ 




















' ■ 

time of flowering. 



h 

Ex. 

Curved 


I 


Thickened ciliate , . 

Comma 

Dark brorvn 


Dark brown 

D. Br. 

None 


I 

>2 

Dark yellow 


Dark yellow 

Ligule red. Apiculus black al 
time of flowering. Ghinics 














(3) 

Round Spikelet. 





! ■ 

lighter above. 



L 1 

Ex. 

Curved 


in 

<2 

Ciliate 

Flat comma 

Common 


Common 

Brovm 

None 


III 

<2 

Pale yellow 


Pale yellow 

■■ 1 

! Apiculus l.)lack at time of flower- 

' : - 



I.-~RICE WITH GREEN LEAF SHEATH 

1. — White Grain 






VECETATIVE CHARAC'I’ERS, 

SPIKELBT. 

Her- 

barium. 

Name. 

District. 

Dura- 

tion. 









Glumes amb Palea. 



Number. 



■r, , , 

Raeliis. 

I 


Size. 

Facets. 


Rachilla. 













Empty Glumes. 

Glume III and Palea. 

Apicu- 

liis. 

Length. 













(1) LotSTG 

Spikblets. 



2, 1, 7 

B,igmuehli 

.liibhulpore 

M 

Ex. 

Drooping 

Approx. 

V 

> 4 

Ordinary 


Comma 

Common 

Commou • • 

C 

O.Y. 

ir 


ikdili .. 

Bha/ndara- 

M 

E.x. 

Dr.iopiiig . . 

Drooping 

V 

> 4 

Thiekeui'd 


Short comma 

Common 

Orang ' ytdlow' 

Ap. 

1, lo 

Cliinoor 

Chanda, 

B 

Kx. 

Curved 

iSpreailiug 

V 

> 4 

MiMiil)ra,mius 


Jill bow 

Common 

Commou 

C 

ij-" 

d. 2. 1 1 

Cliitr.tkol 

Manilla 

1': 

Ex. 

Curved 

Drooping 

V 

> 4 

Membranous 


Comma 

Com moil 

Common 

c 

s" 

■i,:k i 

Diibr.ij 

llaipiir 

B 

Much e.\. 

llroopitig 

Dro ipinv; 

V 

> 4 

Mi'nibra.nous 


(.tomina 

Common 

Common • • 

c 

11" 













(2) Fine Spikelis'i’s. 



1, i, .1 

Anterlied 

l.)a,mi)h 


En. 

Curved 

1 trooping 

I 

> 3 

Ordinary 


Comma 

Common 

Dark yellow I'ommmi 

Yellow- 


2, 1, 8 

Bagmoe.hh 

dub bill pore .. 

E 

En. 

Drooping .. 

Approx. 

V 

> 3 

Ordaiii.rV 


Elbow 

Common 

Commim 

C 

2i" 

2, i, 14 

ilaliai dii'.i, 11 

Itaipur 

1, 

Much ex. 

Curved and 
d rouping. 
Curved 

Drill) [ling 

lY 

> 3 

Ordinary 


Comma 

Black brown 

Darlc brown 

D.B. 

C 

Ap. 

A].. 

2, 7 

Ikisaiit 

Damoli 


E.k. 

Spreading 

1 

> 3 

Oi'dina.ry 


Comma 

Common 

Common 

2, :i, s. 

Has ant. 

.lublmlpore .. 

M 

E.k.' 

tturvi'd 

Drooping 

1 & V 

> 3 

Ordinary 


Elbow 

Common 

Common 

C 

Ap. 

3, :i, 11 

ilasmatia: 

Mandla, 


llx. 

Drooping .. 

1 

> 3 

Ordinary 


Elbow 

(.tommon 

Common 

c 

An. 

2, a, 1 1 

|!a.smalia 

llaipur 

M 

Ell. 

Curvi'il 

Sprv.;ading 

1 

>3 

Meinlir.iiiious 


Comma 

Common 

Pale eommon 

P.C. 

Ap. 

3, d, 12 

Ikemiatia. 

dublmlpore 

I'l 

En. 

Curved and 
drooping. 
Curved 

.Vpprox. 

1 

> 3 

Ordinary 


Comma 

Common 

Common 

c 

Ap. 

2,4, ;] 

Ik'ui . . 

Drug 

L 

Much ex. 

Drooiiing 

V 

> 3 

Meinbraiions 


Elliiiw’ 

Common 

Common 

c 

Ap. 

3, 5, (5 

Bhai'i llamkel 

Nag’imr 

L 

E.x. 

Curved 

1.) roil ping 

Drooping 

1 

> 3 

Ordinary 


Co 111 M l a. 

Common 

ttomnion 

c 

3, (i, 4 

Bliejri . . 

.J'ublmlpore 


Much ex. 

Cni'M'd 

1 

> 3 

Only, or silly. 

ciliat.e 

Comma 

(^tomniou 

Cominon 

c 

i" 

2, 0, 10 

Bhudo Bapii 

(thanda 

L 

E.x. 

tturved 

1 

> 3 

Onliimry 


Comma 

Common 

Common 

c 


3, 0, 12 

Bliiiri Bamkt'I 

Chanda 

M 


( tiu'Ved 


1 

> 3 

Ordinary 


Elbow 

Common 

Dark common 

c 

All. 

ll, .1, 3 

(iliili.'kar 

Nagpur 

B 

i4,x. 

( turVed 

Di'imping 

IV 

> 3 

Ordinary 


Sliiirt comma 

Common 

Common 

c 

3,1, (i 

Chilekath 

Cliauila 

1. 

Mudi ex. 

(.lurved 

Spreading 

V 

> 3 

Meiuhranons 


(tomina 

Oomiiion 

Common 

c 

1 

3, .1, lo 

Chinoor 

Na,gpur 

L 

Ex. 

(kn'V(.'d 

Droopin'.'; 

‘V- 

> 3 

Membranous 


Elbow' 

Common 

Ctoramon 

c 

G 

i Y 

4, 1, 5 

Deppi Tokaloo 

1 thanda 

h 

Eu. 

t.turved 

Drooping 

I 

> 

Membra, nous 


l'’la.t comma 

Common 

Cominon 

Aj). 

4,1, 0 

Dha.omi Dhawool . 

Chanda 

M 

l!l.X. 

Drooping . . 

I 

> 3 

Ciliate 


li’l.d. eomma 

Coiiimon 

Jjight brown 

1.. B. 

Short 

4,1, 7 

Dluimni Dhawool , . 


B 

Much e.x. 

('turved 

Drooping 

Droopiii'i 

1 

■> 3 

'ririekened 


Comma 

Common 

Dark eommon 

(,! 

D. G. 

Short 

4, 1, 15 

Dliougail 

A kola 


M,ui:ih ex. 

Curved 

1 

> 3 

Ordinary 


Comma 

Commim 

Brown 

.1" 

4, 2, 13 

Donga rsar 

tJIia,nda 

i. 

Ex. 

Erect, curved 

.Vpprox, low'or spread" 

1 

> 3 

Ordinary 


Ji'kit eomma 

CorniTion 

Dark eommon 

C 

Ap. 













(3) Coarse Si’nvELE'r.s.. 



■1,1, 1 

.Vjaii . . 

Drug 

M. 

E.x. 

Curved 


J 

> o 

Ordinary 


Comma 

Common 

Common 

C 

None 

1,1. 5 

;\lehi ivahar 

Rai|)ur 

M. 

Much e.x. 

(.lurveil 

Drooping 

IV 

> 2 

Ordinary 


Comma 

Common 

Common 

c 

D. E. 

None 

1, 1, 8 

Anjan . . 

Bilasimr 

V.E. 

.Ex. 

Curved 

Sliglitly drooping . . 

1 

> 2 

Ordinary 


Comma 

Light; hrow'ii 

Common 

None 

1, 1, 12 

.Aiiterhc'd 

diihlmlporo 

B 

Ex. 

Curved 

Drooping 

11 

> 2 

Ordinary 


Comma. 

Common 

Dark yellow 

C 

c 

None 

1, 1, 1 3 

.Viilei'lted 

Mandla, 


En. 

Aseendiiig . . 

D.i.'oo}iirig 

V 


Ordinary 


Elbow' 

Common 

Dark yellow' 

None 

.1, 1, 10 

Ari Mot in 

Raipur 



IV 

> 2 

Ordinary 


Comma 

Common 

Com moi l 

c 

Apie 

2,1, 1 

Bablapni'i 

('tluuida 



(.lurVed 

Drooping 

I 

> o 

Ordinary 


Comma 

Coninum 

Common 

c 

None 

3,1, 3 

Badeli 

.lulihulpore 

i.’ 

Ex. 

(., turved 

u: 

> 2 

( trdinary 


Comma. 

Common 

Cominon dark 

E 

None 

2, 1, r, 

Badlai 

Xiir.'iiiighpui' 


.Miidiex. 

Curved 

Drooping 

11 

> •> 

Ciliat.e 


Comma 

Common 

Cominon 

(.! 

Apie 

3, 1, Jo 

B.diia Baikoni 

Raipur 

ii 

.Much e,x. 

Curved 

Drooping 

1 

> 2 

< trdinary 


Comma. 

Common 

Dark cominon 

0 

None 

2, 1, U 

Balioja Cliiugar 

R.iipiir 

Raipur 

M 

Ex. i 

Drooping . . 

111 

2 

Ordinary 


Comma 

Scarlet 

Com moil 

Ser. 

None 

3, 1, 17 

Bairbuta 

111 

Ex. 

Drooping .. 

Hetiai’ate, drooiiing . 

II 

> 3 

Ordinary 


Elbow 

Common 

Common 

C 

2, .'3, 4 

■ a;, 3, 12 

Barhi Sda 

R dpui' 

, E ■ 

Ex. ' 

Curved 

Drooping 

1 

A" 3 

, Ordimiry 


Fiat eomma 

Common 

Comninn 

Br. 

None 

N'liu- 

Brttfo .. 

Sanger 

E 

.‘Ex. 

Curved a ml 

Drooping, .'leparate . 

IV - 


“■rriTa,rer 


"Erbbw 





3,4, 3 

Beuara 

Riitpur 

K 

llx. 

d.roi,iping. 

Curved 

Di'on|'<ing 

1 

> 2 

()rdinu,ry 


Short comma 

Common 

Dark eoni 111 ' III 

F,:, 

Apie 

3,0, 1 

Blu'da 

.Mandta 

ii 

Ex. 

Curved 

Droti})ing 

1 

> 2 

( ti'dinary 


Comma 

Common 

Dark br iw'ii 

I). E. 

None 

3,0, 5 

Blu'sara 

i-laipur 

E 

E.x. 

Curved and 

laiwer br.uieheii 

1 

> 2 

Ordinary 


Comma 

None 

3, 1, 1 

t-lhaiigar 

Seoui 


E.X. 

drooping 

Erect 

drooping. 

(turved , 

ii: 

> 2 

Ciliate 


Sliorb comma 

Common 

Gomiuoii 

Er. 

,\pie 

3, 1, 7 

Clulekatli . . 

Raipur 

B 

E.x. 

Curved 

Drooiiing .. 

II 

> 2 

Onlinary 


Flat eomma 

Goinmon 

Com moil 

C 

Apie 

3,1, 8 

Chilli iSakhiir 

ilubbulpoi’i; .. 

E 

E.x. 

(.‘urved and 

Separ.de, drooping . 

ii 

> 2 

'riiiekened 


Elbow 

Commou 

Dark eommon 

D. C. 

Apie 

3,1, 11 

(Jhinyori 

C.liitai' Chiini 1 

: Raipur ' . . 

Raipur 

E 

M 

lilx. 

Much ex. 

drooping. 
Drooiiing .. 

Drooping , . 

Bower, drooping 
separate. 

1 

I 

> 2 

Ordin-M'y 

( trdinary 


Flat comma 

Flat comma 

Common 

Common 

Common, slighty 
dark. 

Comm on 

B 

C 

None 

Apie 

3, 2, IH 

j Clmni Paehh Car- 

Chanda 


.Muehi'x. 

Curved and 

Bovver, drooping 

11 

> 2 

'riiiekened 


Flat comma 

Common 

Common 

B 

None 

•I-, 1, 8 

AVallo. 

Dliana- , . 

duhbuljioru 

B 

Ex, 

drooping. 
Drooping .. 

separate. 

11 

> 2 

MombiMiious 


Elbow 

Brow'll 

D.rrk common 

D. E. 

None 

4,2, 1 

Dilbag.sa 

duhl.mlpove 

L 

Mtidi ex. 

Drooiiing .. 

Separati', drooping . 

1 v 

> 2 

Membranous 


Flat comma 

Common 

Common 

C 

Apie 

4,2, 2 

I Dilhaksha 

Damuh 

B 

Ex. 

Drooping 

Curved 

iv 

> 2 

Mem branous 


Flat comma 

Brow'U 

Brown 

D. E. 

Apie 

4,3, .5 

Dudh khowa . . 

Chanda 

.B 

Mueli ex. 

Itroopiiig 

11 

1 

> 2 i 

Membranous 


Elbow 

Common 

Dark eommon 

D. C. 

A|tie 

0, 1, 1 

Cagli Mothi 

Cluuida 

I, 

Much ex. 

Curved 
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This character is difficult to make out and presumably refers to the 
depression left by the base of the style. In the rices of the Central 
Provinces this notch is found to be present or absent in the grains 
of the same head. It may be that the true notch has been overlooked 
ill the present examination of the Central Provinces rices, but at 
present it is not possible to use this as a diagnostic character. 

Embryo. 

The embryo occupies an oblique position on the side of the grain 
covered by the glume. The embryo is normally the same colour 
as the grain, but the portion occupied by it differs from the rest of 
the grain in not being translucent. In certain cases the embryo, 
instead of being of the same colour as the grain, is distinctly dark, 
in the white rices a dark yellow and in red rices orange. 

Outline Classification . — The distinctions brought out in this 
paper enable a comparatively simple classification to be made. 

All rices fall into one of two groups, viz., rices with a green leaf 
sheath and those with a coloured leaf sheath. The second class may 
be sub-divided into those with a red leaf sheath and those with a 
purple leaf sheath. 

These classes further sub-divide on their vegetative characters, 
those of the spikelet and those of the grain. In addition to these 
morphological characters, the time of ripening, though not definite 
enough to form a main point in the classification of rices from a large 
area, is of considerable local importance. As. already mentioned, 
the special rices are fitted into the general scheme of classification. 
They are so distinct that they may well be considered systematic 
varieties. 


DESCRIPTION OF PLATES. 



convex. 


Cliini Sakliar {Jiibbulpore) 


Deur Sagar (Raipur) 


Plate III. 


Types of facets in Oryza saliva, Linn, x CIO. 

1. Deor Sagar (Raipui-) • • Ord 

2. Dliana (Jiibbulpore) • * ’ * Men 

3. Duclbia sela (Cbanda) * ’ Oilis 


Plate IV, 

Clustered spikelcta in Baliia Baikoni (Raipur). 




Plate I. 


Principal s]iapc.s of tlie spikelet in Oryza. saliva, Linn, x C7. 


Fig. 1. Cbitar Cliimi (Raipur) 

„ 2. Mendlia (Chanda) 

„ 3. Bonklii (Raipm-j 

„ i. Selo (Raipur) 

5, Dliamui Dliawool (Chanda) 


Type 1. Palea slightly convex, glume 
slightly convex. 

Type 2. Palea convex, glume convex. 

Type 3. Palea very convex, glume 
very convex. 

Type 4. Palea slightly convex, glume 
convex. 

Type 5. Palea straight, glume slightly 


Plate II. 

Principal shapes of rachilla in Oryza saliva. Linn, x C7. 

1. Bainssa (Raipur) 

2. Dhana (Jubbulpore) • ' 


Comma. 

Elbow. Outer glumes red, glume 1 1 1 
and palea common. 

Elbow. 

The projection of the lateral nerves 
of glume III is distinct. 

Flat comma. 


PLATE 





PLATE II. 






PLATE III. 








PLATE IV. 




LIST OP RBIBRBNCBS 


(1) 

Gr. A. Gnmraie 

'• D. 0. No, 400. 

(2) 

G. P. Hector 

■ • Mem. Dept.. Agri., India, Bot. Series, Vol. VI, No. 1. 

(3) 

D. Prain 

*’ Bengal Plants, p. 1184, 

(4) 

G. Watt 

■ • Dictionary of Economic Products, Vol, V, Part 11, 
p. 501. 

(5) 

S. Kikkawa 

• • Jour, of Agri., Imp. Uuiv., Tokyo, Vol. Ill, No. 2. 

(6) 

F. Koernicke 

• • Handbiich des Getreides, Band I, S, 232-242. 

(7) 

S. Kikkawa 

• ' Ibid, p. 15. 

(8) 

W. KoxFurgli 

■ ‘ Flora Indica, Vol. II, p. 203. 

(9) 

G. Watt 

• • Ibid, Vol. V, Part II, p. 504. 

(10) 

S. Kikkawa 

• • Ibid, p. 18. 

(11) 

N. G. Mocker ji 

• • Address to Indian Congress, 1906. 

(12) 

S. Kikkawa 

• • Ibid, p. 21, 

(13) 

K. Goebel 

• ■ OrganogTaphy of Plants, Vol. II, p. 377. 

(14) 

G. A. Gammie 

• • Bull. Dept., Agri., Bombay, No. 30, p. 89. 

(15) 

G. Watt 

■ • Ibid, p. 503. 

(16) 

T. Cooke 

• • Flora of Bombay Presidency, Vol. II, p. 1012. 

(17) 

G. A. Gammie 

• • Ibid, p. 89. 

(18) 

S. Kikkawa 

• • Ibid, p. 21. 

(19) 

G. Watt 

• ■ Ibid, Vol. V, Part II, p. 503. 

(20) 

S. Kikkawa 

‘ * Ibid, p. 28. 

(21) 

S. Kikkawa 

• ' Ibid, p. 22. 

(22) 

D, Prain 

'TS 

00 

(23) 

S. Kikkawa 

• • Ibid, p. 28. 

(24) 

G. A. Gammie 

• • Ibid, p. 90. 



PREFACE. 
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Deft. Agr. in India, Botanical Series, No\. Ill, No. 4, 1910, and 
VoL V, No. 2, 1913). 
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Mr. B. C. Burt, the Deputy Directors of Agriculture of the United 
Provinces, have assisted us at Aligarh and Orai, respectively. At 
Meerut, Babu Jagannath Pershad ga^e us all facilities on his farm. 
Mr. Sharma has kindly placed the resources of the Partabgarh Ex- 
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Professor of Agriculture at Lyallpur, and Mr. Southern, Deputy 
Director at Gurdaspur, have been good enough to assist in the 
work, while in Sind, Mr. Henderson very kindly assisted us at Mir- 
purkhas. For facilities at Hoshangabad in the Narbada Valley 
we are indebted to Mr. G. Evans. At Raipur and at Tharsa in the 
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British and Irish Millers and a well-known authority on these ques- 
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Albert Howard. 
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1. Introduction. 

In tlie improvement of tlie wheat crop in India, the question 
of the influence of the environment on the quality of the grain is a 
matter of great importance. It affects not only the breeding of 
improved wheats but also the question of seed distribution. It 
has long been a vexed question as to what extent quality is deter- 
mined by environment and how far it must be considered as charac- 
teristic of the race. To the plant -breeder, who wishes to combine 
in one strain tbe largest number of valuable qualities, a knowledge 
of the respective parts played by breed and by environment in 
producing and maintaining such qualities becomes essential. In 
the general aspect of seed distribution in India, it is necessary to 
know in what tracts wheats with high milling and baking qualities 
are possible. Eor instance, at the present time, the black cotton 
soils of the Peninsula and the canal irrigated tracts of Northern 
India produce for the most part soft, weak wheats often with poor 
milling cj^ualities. One of the objects of this investigation is to 
determine whether or not wheats of better cjuality can be grown 
in these important areas. 
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Tlic characters of tlie wheat grain which may be affected by 
change of environment are the following : — 

1. Colour. While the general colour, red. or white, of any 
wheat remains the same no matter under what conditions it is 
grown, nevertheless the depth or tone of colour in red or white 
wheats is not constant. In India, white wheats, when well grown 
under dry farming conditions, are frequently much darker in tint 
than the same wheat grown carelessly under a superabundant 
supply of canal irrigation. Similar differences are to be seen in 
red wheat. 

2. Size and iveight of grain. The size, and absolute weight of 
the grain vary very considerably both in difft>rent localities in the 
same year and also in the same locality in dhh'reut seasons. 

3. Composition. Much of the work on the effect of environ- 
ment on the characters of the wheat grain has been concerned with 
the effect of change of environment on the nitrogen content of the 
grain — ^the nitrogen content being taken not only as a measure of 
the percentage of gluten, but also as a rough indication, of the strength 
of a wheat. There are, however, exceptions to the general rule 
that the higher the nitrogen the greater the strength so that, in 
the present state of knowledge, the only safe nietliod of estimating 
strength is by milling and baking tests. Quality as well as quantity 
of gluten is important in this respect. For a flour to be really 
strong there must be sufficient gluten of the right quality present. 
So far, while no accurate relation has hitherto been found between 
chemical composition and the bread-making value of wheat, never- 
theless the trend of recent investigations on this subject a:fforcls 
hope that the strength of wheat may be explained from a chemical 
standpoint. Thus Wood^ has found in, the case of Fife and other 
strong wheats that the water soluble phosphates in these fl.ours is 
high — over 0*1 per cent. and. the chlorides and sulphates very low. 
They also contain more magnesia than lime. Weak wheats, on the 
other hand, yield flours with a low proportion of soluble phosphates, 

^ SoQ JS'go — The Technology of Bread-malomg, London, 1911, p. 
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a liigli percentage of chlorkles and siilpliates mtli more lime tlian 
magnesia,. Plaivey and Wood^ have piiblislied a preliminary note 
on a method of determining the baking strength of single ears of 
wheat by. talcing advantage of the diSeiences in opalescence which 
exist between water extracts of various wheats. 

4. Consistency. The effect of eiivironment on the consistency 
of the wheat grain, i.e., its translucent or starchy appearance, has 
been perhax3S more thoroughly investigated than any other aspect 
of the question. There is no doubt that consistency depends very 
largely on the soil, on the available moisture and on the nutrition 
of the croj), andtdiat, in many cases, great changes take q^lace in this 
character in any variety according to the climatic conditions under 
which it is grown. From the miller’s point of view, the consistency 
of the sample is of the highest importance and is one of the 
factors in determining the value of wheat. Consistency is com- 
mercially important in two ways. Firstly, it affects the x^i'ocess 
of conditioning or the adjustment of water previous to grinding 
— as a rule translucent wheats takeu|3 more water than soft samples. 
Secondly, translucent grains usually behave better than soft Avheats 
in the mill and a, re more free grinding, thus enabling separation of 
bran from flour to he made with ease. As strong wheats are fre- 
quently translucent, traiislucency is sometimes considered to be 
an indication of strength, hut this is not always the case as both 
translucent weak wheats and mellow strong wheats occur. In 
spite of these exceptions, however, the consistency of the grain 
remains a very important factor in the commercial valuation of a 
wheat. 

Quality. Good cpality in \vheat flour has been defined by 
Humphries* as ‘Hiie sum of excellence on several points ” and these 
are five in number ; (1) fla,vour ; (2) colour of the flour ; (3) strength, 
i.e., size and shape of loaf ; (4) stability of dough ; (5) yield of 


’ Harvey & Wood, -4 Method of determining the Baking strength of single ears of Wheat, 
Brifcisli Association Reports, 1911, p, 597. 

2 Humpliries, Quality in Wheaten Fhw—n paper read before the Joint Session of the 
Chemistry, Botany, and Agriculture Sections of the British Association at Winnipeg, 1909, 
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bread pel' Bacic iA flour. It h obvious t'Juit iuforrnatiou on suck 
points eiuuiot be detei'iiiined in any otlier ‘svay than by nulling and 
leaking tests. In. seeking infoniiation on the eifecfc of environnunit 
•on tlie puality of the grain it is therefore essential to submit tli.e 
saiuple to a complete test in the mill and bakehouse. 

The expeiiinentcal investigation of this subject in India was 
eommen.eed in 10t)7 and the results obtained up to tire harvest of 
I on have already been published.* In t he present paper an 
account is given of the progress made during the wheat growing 
season of 101 . 1 - 12 . 

The results pii])]islied in the last paper were summed up as 
follows : — 

Usually in India the consistency of a wheat varies greatly 
according to the conditions under wkicli it is grown. Some trans- 
lucent wheats however are affected to a much less extent than 
oth.e3‘s while a few soft wheats have alwaj^s remained soft. 

“Weak wheats like Muzafiarnagar can be improved to some 
extent in milliiig and baking qualities by cultivation but they have 
not been. made to behave dike strong wheats. 

“ Strong wheats with good milling qualities have been found to 
retain strength and milling qualities both under canal irrigation on 
the alluvium and also on the black soils of Peninsular India. In 
the future improvement of the wheats of these tracts, the question 
of grain quality sliould receive particular attention. 

“ Adverse factors, such as waterlogging and late cultivation 
affect both the yield and cpiality of wheat in the plains of India. 
In any xnu’ticular wheat, the conditions which produce the highest 
yield are those which also produce the best sample. In the same 
wheat, high yield and high' quality can be combined. To obtain the 
greatest financial return for his labour the cultivator should grow 


’ Howard, Ix'aktj & Howard. Memoira oj the Dept, of Agr. in India {BoL iSerieft), Yol. 
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to licriectioii- a ^viiaat wliich couibina,^ hio-li powor \-pth 

bigli *^uality.‘’ 

ilie Dai'h'cr iiivcKtigatioiL^ can*ic;d out in ii]urcH)D ano* Xorrlt 
Ainorjoa,. which bear on this sii]>ject, have beon restricted to c, great 
oxtcnt to th(i hhliieiiee oi external conditions on tlie coinposition 
ol w Ji(‘at. Tliis Jiteratiire is refia'i'cci to in the 3)revioiis jKipcr. .Since 
it was ])u])iisl,ed one contribution to the subject has a.ppeaivd which 
is dnalt with below. 

In the United States, Le Clerc’ has continued liis investiga- 
tions on the influence of the enviromnent on the composition of 
wdieat. The object of these experiments was to detemiiiie the 
part played by soil on the one hand, and by climatic conditions on 
the other hand, in bringing about the well known differences in the 
appearance and composition of wheat caused by changes in the 
environment, h or this purpose, samples of soil were interchanged 
among three localities — ^Maryland, Kansas, and California, which 
differ widely iii climatic conditions. From each locality, sections 
of a normally fertile wheat -producing soil, five feet square and 
three feet deep, were dug up in three -inch layers, sacked and re- 
placed in the same original position. The various samples of 
wheat giTjwn were analysed and the results are set out in tabular 
■onn. 1 hey indicate that climatic conditions, far more than the 
soil, influence the composition and appearance of the wheat grain. 
As in previous years, milling and baking tests have not been in- 
cuidcd ill the scheme and the conclusions are drawn from the analy- 
tical data only. It is unfoiimnate that the various samples were not 
milled and made into bread as these experiments would then have 
been most useful in throwing light on the influence of climatic 
conditions on milling and baking qualities. In order to obtain 
accurate information on the effect of environment on the behaviour 
0 the same sample in the mill and subsequently hi, the bakehouse 
It is,^ ill the present state of knowledge, unsafe to rely on 
c enneal data only and on the appearance of the samples. Such 
important matters as strength of flour and the free-milling nature 

’ Le Clero and Yoder, Jour, of Ayr. Resmrek, Vol. 1, 19U, p. 276. 
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of tilo wlieats iniglit easily be maakecl by cliaiiges id consisfceucy 
and .nitrogen content. 


Tile agiicultiiral conditioiiB under idincii wiieat is grown in 
India ka-i'e been refeiTedto in detail iiitlic previous papers. Tiiere 
arc two great wiieat tracts iii India wiiicli dilfer widely from eacli 
otlier, botk as regards soil and as regards tke source of luoistme. 
Tke more important of tkese regions is tke alliiviiiiji of tke Indo- 
Gangetic plain, strctckiiig from iiikar on tke east tkroiigk tke 
United Provinces and tke Punjab to Sind on tke western coast. 
Xn parts of Bikar, wkeat is grown on kigk .nioistui'e retainmg loams 
witkout irrigation, in Uudk, wells supplement tke rainfall, wkile 
in tke western districts of tke United Provinces, canal water is 
commonly employed in wiieat growing, in tke Xkinjab, tke crop 
is largely watered from perennial and inundation canals wkile, in 
Bind, inundation from the Indus takes tke place of tke monsoon. 
Tke predominant features of tke wkeat tracts of tke plains are tke 
alluvial character of tke soil and tke occiuTeiice of some form of 
irrigation, Tke second great wkeat growing tract in India is found 
in tke Peninsula on tke black cotton soils of tke Central Provinces 
and Bombay. Here irrigation is tke exception and most of tke 
wkeat is grown on tke moisture left in tke soil after tke previous 
monsoon. 

Besides moisture and soil, another factor in Indian wkeat pro- 
duction is of importance. This is tke limited growth period. Wkeat 
can only be sown with safety as soon as tke temperature falls suffi- 
ciently for germination to take place and for tke seedlings to deve- 
loi3. Any attempt to lengthen the growth period by early sowing 
leads to tke partial ox entire destruction of the seedlings by heat. 
Tke duration of tke growijk period is ecpially limited by temperature 
at harvest time, Tke Indian wheat crop ripens under a rapidly 
ascending temperat ure, often accompamed by kofc, dry winds. Any 
late crops dry up rather than ripen and tke rapid advance of tke 
hot season prevents tke cultivation of late maturing wheats. The 
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gro\rt]i period is sliortest in Boiribay and Central India and longest 
in the Punjab and North-West Frontier Pio^diice. 

The iiiain directions in which Indian wheat can be improYed 
are two — yield and cpiality. The iiiiiited groYdh period, the fre- 
quent shortness of the w'ater-supply, and the fact that in many 
tracts the nioistiire retaining capacity of the wheat soils is not 
great, all indicate that Jiioderate yielding wheats are likely to be 
the most profitable to the grower over an average of seasons. Higher 
yielding wheats can be grown with safety to a very limited extent in 
places where the retentive power of the soil is considerable and where 
the growth period is longer than the average. Compared with the 
wheats of Western Eiiro|)e, where the growth period is long, the 
rainfall well distributed and the standard of agriculture far Mgher, 
the wheats of India are only iiioderate yielders. Generally vspeak- 
iiig, the season is too short in India for the growdh of such high 
cropping wheats as those of France and England. As yield is 
determined by the length of the growth period and the average water- 
supply, the plant -breeder in increasing the amount of wheat grown 
soon reaches the limit imposed by these conditions. In the im- 
provement of the quality of Indian wheat, how^'ever, there is much 
greater scope for the breeder. In general, the wheats of the country 
have poor grain qualities, both from the milling aspect and also 
from the point of view of hread-maldng. Some Indian wheats do 
not mill well while all those exported have a reputation for pro- 
ducing weak flour. 

The method adopted in this investigation has been to compare, 
as regards consistency, absolute weight, nitrogen content, and mill- 
ing and baking qualities, several pure lines, of mdely diflerent 
quality, grown at various centres. The stations have been selected 
so as to include as many as possible of the most important wheat 
tracts of the Iiido-Gaiigetic plain as well as a few places represen- 
tative of the black cotton soils of Peninsular India. In the 
present paper, the behaviour of Pusa 12 at a large number of sta- 
tions is the chief subject dealt mth. 




Invironment on Grain 


bix } usa wheats were employed in the environment experiments 
of 1911-12, TIu'ec of tliese (Nos. 12, and 22) are selections and 
three (Nos. 107, 108, and 110) are hybrids. All are white wheats 
of good quality and would be described as strong, free nulling sorts. 

The fourteen stations at wliich these wheats were grown are 
representative of the general agricultural conditions of the Indo- 
Gangetic plain and of the soils of Central India. These stations, 
wkch are indicated on the map at the end of this paper, were as 
tollows : — 


1. Ptfsa. Tins station is situated on the 
North .Bihar, a tract in which wheat is grown 
on high moisture retaining loams containing abo 
carbonate. 

2. Piirtahgarh. This station represents tin 
Oiidli where wheat is cliiefly grown on well-irrigai 

3. CawH-pore. This centre is typical o.f the 
as the Middle Doab, where wheat is grown on stri 
with canal irrigation. 

4. Meerut and Aligarh. These are duplicati 
of the large alluvial canal irrigated tract Imown a? 
where wheat is an important cold weather crop, 
conciitions at these two centres closely resemble t 
bonring Mnzalfarnagar District, 
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Stations in the Indus Valleys 

6, Gimlaspur. This centre is situated in the subiiivonraiio 
tract of the Eastern Punjab, where wheat is largely grown as a 
dry crop without irrigation. 

7, Lyallfuf. This station is typical of the canal irifgated 
tract known as the Chenab Colony, wiiich produces a large proporti<M] 
of the w'heat exported from Karachi. Overwatering the wlieat 
crop is a common spectacle in the Chenab Colony where the gtmerai 
standard of cultivation is below that practised by the best eulti- 
voters in the Eastern Punjab and in the Upper Doab. 

8, Mifpwhhm, This station is situated in Sind where 
wheat is largely grown on the moisture left after inundation from 
the Indus. The wlieat production of this area is likely to increase 
very considerably when it is commanded by perennial canals. 


Black Soil Stations. 

9. Raif wr and TImrsa. These stations are situated in the 
Eastern portion of the Central Provinces where wheat is grown 
on the moisture left in the black soils after the inonsoon. 

11. Eoslmngahad. At this centre, wdiicli is situated in the 
Narbada Valley in the west of the Central Provinces, the black 
soils of Central India are seen to perfection. Wheat is perhaps the 
most important crop in this tract and irrigation is exceptional. 

12. Orai. The agricultural conditions of this Bundeikliaiid 
station resemble those of the Central Provinces mentioned above. 
The soil is, however, not true black cotton soil and the wheat crop 
round Orai is watered to some extent by canals. 


South Bihab Stations. 

13. Dumraon. This station is situated in South Bihar to the 
south of the Ganges and outside the Gangetic alluvium. The soil 
is sandy and possesses little moisture-retaining capacity. In 
consequence, even with irrigation, the yields of grain and straw 
are small. 
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14. BfmJdpore, Tliis centre is also to tlie south of the Ganges 
wiierc tile soil is not true Gangetic allii'suum. It is a dark, heavy, 
luoisture-retaiiiing clay, not unlike some of the soils of Peninsular 
India. 

Tile soil and inoistiire conditions at these fourteen stations 
vary gi.eatiy as well as the general standard of agriculture. It is 
no exc.ggeration to say that these stations represent the entire 
range as regards soils and agricultural practice in India at the 
present time and eAery gradation between diy cultivation, in the 
nionsooii-fed areas, and canal irrigation, in tracts which would 
otherwise be desert. The selection of these stations was purposely 
made in order to determine how a wheat with good grain qualities 
would behave under such widely differing conditions. In the pre~ 
\dous paper, tables were published giving the agricultural details 
relating to the preparation for wheat, the seed rate in general use, 
and the amount of water given after sowing. General information 
relating to the production of the wheat crop can also be found in 
Wheat in India} 

After the harvest of 1912, twenty-eight samples of wheat, 
grown at the fourteen stations mentioned above, were selected for 
complete milling and baldng tests and Mr. Humphries’ report is 
given in full below. 

Eepoet by Mr. A. E. Humphries (Past President of the In- 
corporated National Association of British and Irish 
Millers) on twenty-eight samples of wheat from the 
Indian crop of 1912 sent to England in 1913. 

In continuation _of similar work performed by me in several 
uwous seasons, I have examined, cleaned, conditioned and milled 
eparately twenty-eight sample lots of wheat sent me by Mr. Albert 
loward, Imperial Economic Botanist and Mr. H. Martin Leake, 
Iconomic Botanist to the Government of the United Provinces, 

' Howard & Howard, 117/cai Ml 1909, pp. 1—45, 
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and I have baked tlie^floiir produced from each lot by at least three 
dilferent met hods, so that I may be able to form a conhcleiit opinion 
as to their respective commercial merits on the markets of the 
United Kingdom. 

Ill preUoiis reports, I have discussed various teciinicai details, 
and, therefore, need not herein do more by way of preamble fciiaii 
reiterate a few definitions. Conditioning is a term applied to 
the adjustment of the physical condition of "wheat, whereby an 
optimum separation of branny husk from kernel can be made in 
milling. Where Indian wdieats are concerned, it includes an ad- 
dition of water varying widely in degree according to the nature of 
the variety. Some lands are described as Iree-milliiig, because 
the separation of such wheat in milliiig into its various commercial 
constituent products can be effected easily, other kinds are 
described by the expressive term woolly because separations in 
milling are effected with great technical ciifliculty. The colour of 
the resulting Hour depends to a considerable extent upon the facility 
with which the necessary separations in milling can be effected* 
The term strength, applied to flour, means its capacity for yield- 
ing large shapely loaves. Bt ability indicates the facility with 

which the baker can handle large masses of dough. Yield of bread, 
which must not be confounded with strength, is the measure of 
the quantity of bread which can be produced from a given quantity 
of flour. Good flavour implies a moistness and sweetness intlie 
taste of bread at least one day old. The term good colour, 
applied to flour, indicates its whiteness or brightness. A wheat 
which is translucent may be strong, but transkcency is not a true 
index of strength. Nor is it correct to use hard and strong 
as correlated terms, for some hard wheats are weak ; some soft 
wheats are strong. A wKeat is said to be red or white ac- 
cording to the colour of its sldn. The term red really implies various 
shades of brown ; the term white various shades of yellow. 
A red skin may cover an endosperm of good colour ; a white 
skin may cover an endosperm of poor colour. Many red 
wheats are strong ; most white wheats are weak, but 
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ddIou]' oj skill is one Menclelian unit, quality of endosperm is another ; 
and a wliite wheat may be of maximum strength ; a red wlieat nury 
he fpiite weak. The relative darkness of the medium and lower 
grades of flour is due principally to the presence of comminuted 
bran, and it is obvious that red bran particles will discolour flour 
much .more than those from a white bran. As a rule, Avhite 
wluaits are more inclined to woolliness than red ones ; but the 
fm'uier can behave perfectly in milling, and the ideal wheat, will 
probably be a white one. 

]Y]ieats Received. 

The wheat growing districts of India may be grouped as 
follows " 

1. The Ganges Valley. 

2. The Indus Valley. 

3. The Black Soils of Central India. 

I have receiA^ed twenty-eight sample lots, and these can be 
grouped as follows : — 


Ganges Vallci/. 

/ it (Ills VtilUy. 

Black Soils 

Piisa 12 from Pii.-,:i. 

(Umiafjjmr. 

Itaipur. 

Bankipore. 

Lyail])nr. 

'J’harsa. 

J)iimraoii. 

Alirt>urkha!S. 

Orai. 

Parta ):)garh. 



Cawnjioro. 



Aligarh, 



Oloerut. 



Piisa 22 from Piisa. 

Lyallp.ir. 



Pai'ta Ijgai'li. 

Ca\vnpo)'e. 

Orai. 

Aligarli, 

Moerut'. 

Pusa 4 from Piisa. 

Jlu.sliaugaliad, 

PuKa 107 from Piisa Tlmrsa. 

Pnsa. Tharsa. 

j, no PiiHa, 

^ I have, m previous seasons, tested fjiany varieties growm ihi 
India and from among them have selected for cominejidatiou those 
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kliowii afi Pii-sa 4. Push 12, and PiDsa 22. I am vin’v pkased to soe 
tiiut tiiD.se varietic^s hiive now been grown at several plaees repre- 
senting widely dilfeiing sets of nafciu'al couditioiis, so tbafc 1 aui now 
ill a position to ascertain the effect of onviroiinient npoji their 
qualities, 

MeGiods of Testing. 

When a new Idiid of wheat is offiered to a buyer, lie lornis an 
opinion as to its merits upon its appearance, and lie probably buys 
the hrst lot \Yith no better guide to its intrinsic worth than its good 
or bad looks. Of coursin an experienced buyer is b(‘tter able to 
appraise the real value of goo<l looks than a heginiier. To the latter, 
a fine developinont and cleanliness may be ail imjiortant : tlie 
former has learned to know that a fine exterior may cover many 
faults, and dirt, which can easily be removed, may nevertheless 
obscure real beauty. Even so, the best judges know cpiite well 
that their judgment in such a case may be faulty. Various methods 
of rapid and accurate testing have been suggested. For instance 
chewing has been recommended, and in certain cases for certain 
points of quality that rough and ready test is valuable : but it is 
useless or worse than useless in other cases, and obviously it wmiild 
not be used in the case I have pre-snpposed, if the wdieats were coated 
with dirt of unknown origin. I need not labour the point that clean- 
liness and a good appearance must in any and all cases materially 
affect the price which a wheat will realize in our markets. But 
there are other points w^hichiii most cases wdn militate against a new 
kind of -wheat at the outset of its commercial existence. A miller 
has to learn how to treat it in conditioning and milling, so as to 
secure optimum results, and he has to ascertain definitely not 
only how it will behave in the bakehouse when used by itself 
but how it will behave w^hen blended wuth many other w^heats 
in various proportions. All this takes much time and trouble and 
the inevitable mistakes cost money, so that a buyer is not likely 
to pay a full price for the first few lots of a neiv kind of 
wdieat. But if he finds by many and various tests and by long 
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experience that it luis great iiitrinsic merits and can be relied 
upon to vary in its cpialities ivithin small limits only, the reputa- 
tion of the ivheat will grow and its relative commercial value will 
increase. So it may easily happen that a new wheat of great 
intrinsic woith, arriving in unattractive guise from a district 
which Inis liilherto produced wheat of poor ojuality, may realize 
at the outset relatively poor prices on our markets and have to 
overcome slowly tlie well or ill-founded prejudices due to its ap- 
pearance, or oven to its geograjihical source of origin, yet in time 
the same wheat, even in the same unfortuna,te or deplorable guise, 
may win its way to the real esteem of buyers, and command relatively 
high prices in onr mni’kets. On the other hand, a wdieat of 
beautiful appearance, coming from likely cpiarters, may, in time, 
because it is nondescript in quality, possessing no outstanding 
merit of real importance, recede in rektive commercial value 
and leave the beginner or outsider wondering why merchants and 
millers have such ’ apparently curious ideas as to the , value of 
wheats. 

In recent years, a good deal of work has been clone by chemists 
to ascertain the ultimate cause or causes of cpiality in wheat, but 
it is true even now to say that they are unable to state with precision, 
ill terms of their own science, the characteristics of wheat which are 
the ultimate causes of, or at any rate are correlated ivith, good 
baking qualities. For present purposes, I have confined my en- 
quiries, as to the quality of the samples sent me, to their appearance, 
and to their behaviour in the mill and bakehouse under commercial 
conditions. 

Cleaning. Almost all of the sample lots arrived in first rate 
conditdoii. TJie wheats from Lyallpiir and Giirdaspur, however, 
were dirty and Pusa 12 from Baiikipore was very weevilly, so these 
wheats had to be specially cleaned. 

Conditioning. From previous experience, I was aware that to 
obtain flour and bread of optimum quality, some Indian wheats 
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had to contain after * conditioning ’ a relatively low, others a high 
or even a very high percentage of water. Although I bad in pre- 
vious years tested these varieties, I have made a few tests this year 
to settle in iiiy own mind how the samples should, be condi- 
tioned. 

Baldruj. 1 have used the baking method with which I I'egularly 
and continuously test flours for commercial purposes. The fiour 
from each of these Indian sample lots has been tested in at least 
three w'ays 

A. In this set, the flour obtained from each wheat indicated 
was used Avithoiit admixture of any other flour, and in making the 
dough, flour, water, salt and yeast were the only ingredients. 

B. This set was made in the same way as A except that in each, 
case a highly diastatic malt e^ctract was added in making the dough, 
in a proportion ecpial to 0*2 per cent, of the flour used. 

C. Because British millers very rarely use Indian wheats alone, 
I have in this set made a mixture of flours, using in each case one- 
third of a straight rim flour made from No. 2 Northern Manitoba 
wheat of the 1912 crop, and two-thirds of the flour from each Indian 
wheat indicated. I have for this set used the B baldiig method 
except that the proportion of malt extract was reduced to 0T4 per 
cent, of the total flour used in each case. 


Pusa 12. 

This may be described as a long berried, white wheat inclined 
to be opaque. The berries are not really large, but in most cases 
are well developed and may be described as of good size. 

The three groups of this wheat, judged by appearance, diifei 
from each other, principally as regards hue. Those from the Ganges 
Valley and from the Black Soil Districts are of yellow hue, those from 
the Indus Valley are diflerent. It is difficult to describe the differ- 
ence in words, but a miller will understand the phrase if I say they 
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are ol a white or yellow colour with a grey hue. When I was 
exanhning the samples for the first time, 1 did not know the 
geograplucal position of Gurdaspnr or Mirpurkhas, and 1 wa..s very 
gnmily interested -when I discovered that these places are in the 
Indus Valley. The hiieto wMch I am referring appears, therefore, to 
])(' eh a raet eristic of the district so far as this variety is concerned, 
and it is a good point, fortomeit is indicative of good quality. It 
is verv unfortunate that the Lyallpiir sample, and, in lesser degree, 
the { hirdaspur lot are so dirty. That blemish deti'acts very seriously 
fromtheir appearance, and it 'would militate against their coniinereial 
value, especially Avheu the wheat is first introduced to our markets 
in commercial quantities. In a previous season, 1 received a sample 
lot of wheat grown at Raipnr, -wliich possessed a most attractive 
appearance and was in fact of very superior quality. This Pusa 
12 sample grown at Raipur in 1912 has a very peculiar appearance. 
It contains a few grains of a pink hue, and other grains which have 
a black discoloration at the germ end of the berry. If that wheat 
had been ofiered to me in commerce, I should have bought only 
a small quantity at a low price, because its unusual appearance wmiild 
have left me in great doubt concerning its real worth. The Tharsa 
wheat is smaller in berry than the average Piisa 12, but British 
millers would not object to it for that reason. The remaining Black 
Soil lot, Oral, is very pale and therefore unattractive in appearance 
to millers who liave to make strong flour. 

Ill recent years, a great deal has been heard of strength in 
wdieafc, and in some connections that point is of great importance, 
but it is easy to exaggerate its importance in other connections. So 
ait hough an increase ill the strength of Indian wheat is desirable, 
it is far from being the only point of quality which buyers will take 
into consideration. For instaiiGe, Pusa 12, grown at Orai and 
Bankipore, has the appearance of weakness, but in other respects 
are good, well-grown wheats. The Dumraon lot, although it contains 
a considerable proportion of translucent grains, does not appear to 
be strong, nevertheless it is a beautiful sample of wheat. I need 
not attempt to describe the appearance of each lot in detail, but 





takiijg into consideration ail points ot quality, I sbniild place 
rdLCiij. according to appearance, in the following order : — 

1. x4.1igarli. 

2. Meerut. 

3. Cawiipore. 

4. Diimraoii. 

5. Partabgarh. 

6. Mirpurklias. 

7. Pusa. 

8. Giirdaspur. 

9. Oral. 

10. Tliarsa. 

11. Bankipore. 

12. Lyallpur. 

From the foregoing list I have omitted Raipur, for the reason 
already mentioned, but if I were compelled to place it, I would 
bracket it equal to its sister lot Tliarsa. Furthermore, when I 
was examining the samples for the second time, I appraised them 
differently. It then seemed to me desirable to put the grey lined 
ones, Mirpurkhas, Gurdaspur, and Lyallpur into a separate group, 
for I began to suspect that they were in fact of better quality than 
their appearance at first sight would lead one to expect. However, 
as I am at this moment setting out a sequence of relative merit 
aocordingto appearance only, I have left the list as I first made it. 
Accordingly, Lyallpur is certainly at the bottom. It is a dingy, 
dirty looking lot, and the germ end of the berry appears to be swollen 
in a way which one would expect to find if the earliest stages of ger- 
mination had been passed. ’ This small point of appearance is 
characteristic of all Pusa 12 samples, but it is specially noticeable 
in the Lyallpur sample. 

In conditioning and milling, all these wheats behaved satis- 
factorily except the Bankipore lot, and as that was badly weevilled 
on its arrival in England, its inferior behaviour in the mill 
is explained. The miller’s note on the Tharsa lot is that it “ milled 
about the same as dry English.” The lots from the Indus districts 
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by tile senses of touch and sight : the method hf w%ich bakers in 
comiiieTce almost invariably judge the flours they use. Indeed, 
I would like to emphasize the point, that I have deliberately chosen 
to test, according to commercial methods, all the Indian wheats 
I have handled on an experimental scale, for it seems to me of great 
impoitance to apply, even to these small lots, the methods which 
will be used in commerce in handling shiploads ultimately. Cer- 
tain forms of laboratory work may assist the miller and baker to 
obtain optimum results in the mill and bakehouse, and I am veiv 
keen on seeking to apply such knowledge to commerce, but in the 
present state of knowledge such work may sometimes mislead, and 
for the purposes now in \dew, I have carefully applied well-known 
commercial methods and based my judgment upon them exclusively. 


Ganges Valley. 



Stabilitv. 

Steength. 


Baking method. 

Baking method. 


A. 

B. 

0. 

Average. 

A. 

B. 

1 

0. 

Average. 

Cawnpore 

80 

8i 

85 

83 

79 

1 

84 j 

SS 

84 

Piisa 

82 

88 

88 

86 

80 

86 

83 

83 

Aligarh 

80 

84 

85 

83 

82 

82 

86 

83 

Meerut 

80 

84 1 

85 

83 

82 

82 

86 

83 

Banidpore 

78 

84 

86 

S3 

76 

83 

87 

82 

Partabgarh 

80 

84 

82 

82 

80 : 

80 

84 

81 

Dumraon 

78 

82 

84 : 

81 

76 

79 

79 ; 

78 

Aveeaoe 

80 

84 

85- 

83 

79 

82 

85 i 

82 


Black Soils. 



S'fABILITy. 

Steekgth. 


Baking method. 

Baking method. 


A. 

B. 

c. 

Average. 

A. 

B. 

C. 

Average. 

Tharsa 

SO 

88 

85 

84 

84 

86 

89 

86 

Raipur 

.78 

84 

88 

83 

75 

82 

92 

83 

Orai 

78 

84 

88 

83 

75 

80 

84 

80 

Aveeagb 

78 

85 

87 

83 

78 

83 

88 

83 
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h'dus Valley. 



Stability. 

Stebnqth, 


Baking method. 

t Baking method. 


A. 

B. 

C. 

Average. 

/ a : : 

B. 

C. 

1 

Average. 

llirpurkhas 

82 

86 

86 

85 

85 

90 

92 

! 89 

Lyallpur 

82 

88 

88 

86 

.85 

86 

92 

88 

Gurdaspui’ 

. 78 

86 

88 

84 

84 

85 

88 

86 

Aveeaqe 

81 

87 

87 

85 

87 

91 

91 

88 


The flour from the ordinary Indian wheat of commerce, Choice 
White Karachi, baked by itself would, according to the scale 
used, obtain, say, 70 marks for stability and 70 for strength ; No. 2 
Northern Manitoba, 1912 crop, would get , say, 92 and 95 respectively, 
so my opinion as to the relative merits of these wheats as regards 
stability and strength may be stated in the following summary : — 



Stability. 

Strength. 

No. 2 Northern Manitoba, 1912 crop . . . . 

92 

95 

Pusa 12, Indus Valley . . . . . . 

87 

87 

Pusa 12, Black Soils . . . . . . 

85 

83 

Pusa 12, Granges Valley . . . . . . 

84 

82 

Choice White Karachi . . 

70 

70 


It will be seen that in this summary, I have used the figures 
concerning the Piisa 12 wheats, from the B set of trials. 

Before I make any comments on these baking results, I should 
like to put side by side the two sequences of merit relating to these 
Pusa 12 wheats, one based on appearance, in which ail points of 
quality are taken into consideration, the other based on baking 
trials in which the only points of quality considered are stability and 
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strengtli. For tFe latter sequence, the marks based on the three 
sets of baki.no; trials A, B and C are used. 


.-1 piimr'tniw 

Strength tfc Stab 

Aliiiarh. 

L3faIIpiir. 

UL'enif-. 

Mirpurlthas. 

Caivnpori'. 

Giirclaspur. 

Dniimion. 

Tharsa. 

i’iiOaliuiirh. 

Cawnpore. 

Mirpufkiiu':. 

Pusa. 

Pusa. 

Aligarh, 

<an'dii.s{)ur. 

Meerut. 

Oral. 

Raipur. 

Thar, -a. 

Baukipore. 

Raipur. 

Partabgarh. 

Barikipore. 

Orai. 

Lyallpur. 

Duraraon. 


Although, of course, I did not expect, having regard to what 
they purport to be, to get the same order of merit in both cases, the 
dilferences between the two sequences are strildng, and I have made 
some enquiries vdth a -vdew to ascertaining the causes or explana- 
tion of the discrepancies. 

The most extraordinary difference concerns the Lyallpur lot, 
certainly at the bottom of the list Avhen judged by appearance, 
at the top so far as strength and stability are concerned. I have 
already said that this lot as regards colour of “ crumb ” was very 
good, fully equal to any other of the series and superior to most of 
them, but on this point of quality, I have this further important 
remark to make. Bread produced from Manitoba wheat has at its 
best a beautiful grey white colour, that produced from Choice White 
Karachi is intensely yellow, and relatively bad. The Pusa 12 
from Lyallpur yielded bread similar to the Manitoba in this respect, 
tiere, therefore, is a case to which my remarks under the heading 
Methods of Testing ” apply. No miller would buy the first lot, 
or few first lots of it, except at a low price ; he might well hesitate 
to spend time and trouble in maldng trials to ascertain its intrinsic 
merits. Surely something can be done to improve its looks. 

Another striking result is the position of the Indus Valley 
wheats in the second sequence. I shall be very interested in seeing 
in later seasons how other varieties behave when tested in a similar 
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war. Tor present purposes, it is sufficient to say, that so far as 
quality is concerned, Pusa 12 seems to suit the Indus Valley. If this 
wheat be extensively growninthat district, it will probably command 
sooner or later higher prices in onr markets than the Choice AJhite 
and Red Karachi now so largely used in this country. If its 
yield per acre of grain and straw be no higher than that obtained 
from the varieties now commonly grown in the district, the relative 
increase in value per quarter should commend Pusa 12 to grovers , 
if it will also yield increased crops of grain and straw on an average 
of seasons, it kould replace existing varieties within a few seasons ; 
but it is only right to add that no likely increase in the pnee per 
quarter will compensate for a substantially diminished yie . 
shall therefore be much interested in seeing the returns as to yie 
of grain and straw. 

The Dumraon lot was particularly well developed, and might 
be described as a really beautiful sample. Nevertheless, it was 
relatively ‘weak.’ I find on enquiiy that it was grown on over- 
irrigated sandy loam, which might account for the baking resut. 
It is necessary, however, to point out that this lot, though it is at 
the bottom of the list as regards bakehouse results, is nevertheless 
much better than the ordinary Indian wheat of commeine (Karachi, 
Calcutta or Bombay) as regards stability and strength, intliis con- 
nection I should like .to say that the Bankipore lot is stronger than 
its looks and record would lead o.ne to expect. I understand that 
it was grown after rice, on land which had been over-irrigated for 
that crop, and it seems that so far as strength is concerned, it was 
made to appear worse than it is by that treatment. 

It will be seen from the tables that the ‘ strongest earned 
89 and the ‘ weakest ’ 78 marks for strength. I am surprised 
that the difference is not greater. Some years ago, we grew wheat 
from the same seed on several typical soils in England, and found tlie 
differences greater than those with which we are now dealing. 
However, I have made enquiries to ascertain whether any of the 
districts represented in these trials are unlikely to grow wheat for 
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export, arjfl I find t]ia,t Eankipore and Diiniraoii are in tliat ca.tegory 
and that Tliarsa, Raipur and Oral, if they fiirni!;!h any at all for that 
purpose, are likely to provide only relatively small quantities. It, 
tlierefore. appears from my information that the lilcrdy exporters 
of substantial quantities are as follows. Alongside each name. I 
have placed its marks for * strength ’ (average of A, B, 0 methods 
of bald ng). 

By Karachi By Calcutta. 

Lyallpnr . , . . 88 Piisa . , . . 83 

Mirpurklias .. ..SO Part.abga.rli .. .,81 

Giirda.spur .... 86 

Gawnpore . . . . 84 

AUgarh .. ..83 

Meerut . . . . 83 

If the growers and merchants of the Indus Yalley wdll send their 
wheats to onr markets in a cleaner state than the samples I have 
received from Lyallpur and Gliirdaspiir, I see no reason why, for 
commercial purposes, the produce from the districts named in the 
Karachi list should be sold here separately, but if the wheat 
from the Punjab, when shipped on a commercial scale, wdll be as 
unsightly as the two samples named, the produce from the other 
districts should be marketed separately. The former will require 
much time to establish the reputation they deserve in this country, 
but for the latter mth their fine appearance, enhanced prices may 
be expert ed on their first arrival. 

It is obvious that there is no reason for marketing the Pusa 
and Partabgarh wheats separately. 

In Bulletin 22, issued in 1911 by the Agricultural Research 
Institute, Pusa, a coloured photograph of three loaves baked by me 
was included, and. I was asked to provide a similar photograph 
showdng a loaf made from the Lyallpur lot of Pusa 12, alongside a 
loaf produced from Ko. 2 Northern Manitoba and another from 
Choice White Karachi. I had made several trials with tliis Lyall- 
pnr wheat, and, in doing so, had used up the "whole of the lot sent 
me, so as the Gurdaspur wheat, of which I had some left, was similar 
though slightly inferior to the Lyallpm?, I made a further test and 
had the photograph taken which is reproduced here-with. It was 
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Golouicd by biiiKl to sliowtlie cliaracteristic differences in the colour 
of the crusts. I need hardly say that the better coloured crusts are 
nut only thinner and better in all respects than the grey one. but 
they give the loaves a much more appetising appearance. 

Pusa 22. 

Of this variety, I received sample lots from seven places. It is a 
round berried wheat of attractive appearance, similar to Canadian 
hife in grain shape and in its behaviour in the mill. This in its 
category is high praise, for Fife whether it be grown in Canada, 
hngland or Germany, or whether it is represented by its Australian 
progeny Comeback,. or its English child Burgoyne’s Fife, is ideal in 
its behaviour in the mill. To get optimum results, I found it desir- 
able to raise the water content of these samples to a high figure. 
In this connection, I would like to remark that the use of water in 
wheat conditioning, has been reduced to a science. To obtain, 
successful results, close attention must be paid to details, more 
particularly as to quantity and time, and amateur efforts in apply- 
ing water to w’heat may be as harmful to it, as the unskilled use of 
water at spas may be injurious to the human system. 

1 append, in this case also, the two secjuences, one constructed 
on appearance only for all points of cpiality, the other on baking 
lesults for stability and strength only. In these cases, I found that 
the use of diastatic malt extract did very little good, so my opinion 
as to baking results is based on trials made with flour, water, salt 
and yeast only, in other words, the method known as ‘ A ’ in the 
Pusa 12 trials is the only one referred to in this connection. 

Stability tb Strength. 

Lyallpur . . . . 84 

Pusa .. ..84 

Meerut , . . , 84 

Cawnpore . . . . 79 

Partabgarh . . . , 79 

Oi’ai . . . . 79 

Aligarh .. ..79 

Here we have the same strikmg difference concerning Lyallpur 
and the remarks I made on that point in the case of Pusa 12 apply 


Appearance. 

Pusa. 

Aligarh. 

Cawn])or(’. 

Meerut. 

Partabgarh. 

Oral. 

Lyallpur. 
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here also. The only other striking difference in these two series 
concerns tli.e Aligarh lot. It certainly was weeAnlled on its arrival 
here, and that may be the indirect cause of a falling off in baking 
value, but apart from that, our wmrk on English wheat has shown: 
that a given soil may grow a relatively strong sample of one variety 
and under identical conditions a relatively weak sample of another 
variety, which simply means in effect, that we have to provide for 
each environment a variety or varieties in the highest degree suitable 
for it. 1 understand, however, that mainly for agricultural reasons, 
this wheat is not likely to be extensively grown, and I may, there- 
fore, dismiss it with these few remarks. 

The Pusa lot is of particularly attractive appearance and the 
Oral wheat though very pale is nevertheless hard. 

Pusa 4. 

I am at present particularly interested in this variety because 
it has got beyond the experimental stage and I have received a 
small sample of a large cpiantity grown in 1913 on a commercial 
scale ill Bihar.^ I have shown this sample to several millers and 
merchants, who all, with one consent, say it is very fine looking 
wheat. One miller, wdio tested it by a comparatively new but 
secret laboratory method, praised it very highly, and said such 
wheat " will never go begging.” Some of a cautious turn of mind, 
well acquainted with ordinary Indian wheats, refrain from 
expressing an opinion concerning its real merits until they have 
tested it under commercial conditions. 

I have received for milling and baking tests three sample lots 
grown in 1912, respectively, at Pusa, Tharsa and Hoshangabad, 
The last named is the best of the three, jiidged by appearance and 
is very fine wheat beautifully grown. The Pusa sample has the 
blemish of a black spot on the germ end of the berry which it had in 
previous years, and in addition this year, a similar black spot in the 
crease at the opposite end of the berry. This is not a very detri- 

1 This sample was grown on the Hathowi'ie Estate in the Darbhangha District. 
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ineiitai fault, but if it can be removed it will be an improvement. 
Apart from that, this lot is not so well-grown as the same wheat 
raised in previous seasons at Pusa. The Tharsa lot contains some 
unsound grains. It lacks brightness and appears to have been 
substantial^ damaged by unfavourable climatic conditions. How- 
ever, all three lots behaved very well in the bakehouse, and in the 
markings for stability and strength were quite close together. The 
flours from the Hoshangabad and Tharsa lots behaved like typical 
London milled flours, the Pusa lot was tougher in the dough than the 
others, and to some extent resembled the flours made from American 
or Canadian spring wheat. 

Pusa Nursery Lots. 

In addition to the foregoing, I received the following sample 
lots ; two lots of Pusa 107, one grown at Pusa, the other at Tharsa ; 
two lots of Pusa 108, one from each of these places, and one lot of 
Pusa 110 grown at Pusa. Pusa 108 is a round berried wheat. 
The grains of the Pusa lot are small in size and those of the Tharsa 
lot still smaller, but that is not a serious fault. The former is wholly 
hard and wholly translucent, a very fine looldng lot. The latter 
is not so bright or so translucent, and appears to have suffered from 
bad weather. Both behaved very well in the bakehouse and yielded 
bread of beautiful appearance. 

Pusa 107 is a much larger berried wheat, quite as large as Pusa 
12. This variety as grown at Pusa may also be described as wholly 
hard and wholly translucent, is particularly well-grown, and is in 
fact a lovely sample of wheat. The Tharsa lot also appears to have 
suffered from bad weather. In this case the relative inferiority in 
appearance of the Tharsa lot corresponds with the baking result, 
but the bread from it was good, that from the Pusa lot very good. 

Pusa 110 is a long berried grey white wheat, is almost wholly 
translucent and quite hard. This lot (from Pusa) is a very nice 
sample of wheat, although the blemish of the dark spot found in 
Pusa 4 occurs in this variety also. It behaves c^uite well in the 
bakehouse. 
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Wheats groivn at Pusa. 

I have this year received in all sample lots of six varieties 
grown a.t Pusa, and having regard to their appearance and to the 
bakehouse results, I slioidd place them in the follo\ving order of 
merit : — 

Pusa ,10S‘\ 

” very cloao together. 

» 107 J 

” I level. 

They are all fine wheats, and there is no great difference 
between the best and the worst of them. 

Wheats from Tharsa. 

I placethe four lots from Tharsa in the following order of merit : — 

Pusa 12 
» 107 

„ 108 

but there is very little difference between the best and the worst of 
them. 

Summary. 

It has again been demonstrated that wheats of the highest 
class can be grown in India on several lands of soil, and on land 
which has been irrigated. It has been shown that the high excellence 
of quality possessed by wheats grown at Pusa in previous seasons 
was not due to environment or agricultural practice, for the same 
varieties of wheat have yielded still better results elsewhere. It is 
interesting to note that this high excellence of quality was found 
existing in w^heats indigenous to India, and that in the Pusa Nursery 
varieties, the progeny appear to possess intact the great strength 
of the strong parents. I have no doubt that any or all of the wheats 
tested will realize, some at once, some later, relatively higher prices 
on our markets than the existing Indian wdieats of commerce. If 
these new varieties yield no more grain and straw per acre than those 
ordinarily grown, their extended distribution as seed is desirable ; 
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if, ill addition, the new varieties will yield greater quantities of grain 
and straw than those ordinarily grown, the position of the Indian 
growei’ will be greatly iniproved, and the propagation of the new 
[dnds should be pressed forward.*' 


Weybridge, England, I 
3rd October, 1913. ) 
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Some exceedingly interesting results are to be found in the above 
report which it is now proposed to deal wdth briefly. The first 
relates to the importance of milling and baking tests in environment 
experiments with ivheat. In the cavSe of the. Piisa 12 sample grown 
at Lyallpiir. the report shows that a miller of great experience, who 
had tested this variety in previous years, was entirely misled by the 
external appearance of the badly grown and harvested sample. 
C4reat flour strength and good milling qualities are therefore liable 
to he masked by the eflects of poor cultivation and overWatering. 
This experience with the Lyallpiir sample is of the greatest 
value as it sho\vs that if the Indian cultivator is to obtain immedi- 
ately the greatest financial return for his labour he must not only 
grow a wheat with good quality but tliis wheat must be well-grown 
so that it at once takes the eye of the buyer. The appearance 
of the sample is therefore a most important matter in the work of 
introducing to advantage a new grade of wheat on the Home markets. 

The general results obtained whth Pnsa 12 at the thirteen sta- 
tions eonfirin and extend those obtained in 1910-11. These are 
summed up in Table 1, which also gives the consistency, absolute 
weight and nitrogen percentage of the various samples. It will 
be seen that the nitrogen percentage of Pnsa 12 is, on the whole, 
not very liigh. The actual tests bring out the point that no matter 
what the agricultural conditions were, the milHng and baldng 
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qualities V’ere little influenced by environment. Flour strengtb and 
milling qualities were not in the least destroyed by transferring a dry 
crop wheat raised at Piisa in the extreme east of the wheat -growing 
area of India to North-Western India, or to the black soils of Central 
lodia. Indeed, the wheat was improved by this treatment , as the 
best results were obtained at Lyallpur, Mirpurkhas, and Gurdaspiir, 
in the Indus Valley and at Tharsa in Central India. 

A single grade of wMte wheat of improved quality can therefore 
be grown over a very large part of the wheat producing area of India. 
If the yield of grain and of (straw) of this wheat under culti- 
vators’ conditions is satisfactory over these areas, then a great step 
in advance will have been made. That this step has been accom- 
plished will be e\udent when it is remembered that this wheat is now 
being distributed to cultivators in the Punjab, United Provinces, 
Bihar, and Central Provinces. Over a very wide range of condi- 
tions and of soils, both under dry cultivation and with canal and well 
irrigation, this wheat has done uniformly better than the local sorts 
when grown by the cultivators themselves. It is now only a matter 
of time and of organization for this variety to replace the existing 
crop over large tracts and for its iirodiice to influence the Indian 
wheat trade. Besides its good yielding power, Pusa 12 stands 
out in the field from the country wheats as a red chaffed, beardless 
W’-heat with strong straw among bearded white chafted kinds mostly 
characterized by very weak straw. This fact is of considerable 
advantage in the work of replacing the country wheats by the new 
variety. 

The miihng and baldng results obtained with the samples of 
Pusa 12 grown in the Indus Valley and also on the black soils prove 
that there is no longer any reason why grai n quality should be ignored 
in the work of improving the wheats grown in these two areas. 
In the first place, the performance of this wheat when grown bv 
cnltivators shows that yield and quality can be combined inthe samo 
variety. In the second place, these areas, which now produce only 
poor quality wheats, have been shown to be capable of growing 
samples of the same class as the best grades of Manitoba wheat. 
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It has been demonstrated in previoiLs papers that uM the Punjab 
wheats tested up to the present are of poor quality and of the sanu^ 
class as the grade known as Choice White Karachi, In like manner, 
the white ‘pissi wheats of the black cotton soils which have been 
tested are far inferior to Pusa 12. P rom the results obtained by the 
cultivators with this wheat in the Eastern Circle of the Central 
Provinces, it is exceedingly likely that it will replace the wheats now 
grown over large areas of the Ceiitral Provinces. To be conclusive, 
the trials will have to be made under actual cultivators’ conditions 
and on a sufficiently large scale. 

In the case of Pusa 22, the results of the last two years are 
summed up in Table 2. This wheat was selected from the local Bihar 
mixtures and in good years yields very fine looking samples. Its 
weak straw and liability to rust will prevent its ever being taken 
up by cultivators. 

The results of the tests of the other Pusa wheats are also of 
interest. The details relating to the consistency, absolute weight 
and nitrogen percentage are given in Table 3. Pusa 4 is a white 
wheat with good straw which is exceedingly early and which can 
ripen an attractive looldng sample on the minimum of soil moisture. 
Eor this reason it is being widely distributed to cultivators in Bundel- 
khand where the soil often contains too little moisture to ripen the 
local wheats. In Bihar, this variety, on account of its rapid grovdh, 
strong straw and limited foliage has proved a suitable cover crop 
for Java indigo, and it is hoped to establish this wheat in North 
Bihar in sufficient quantities for export as an improved grade. The 
results of the tests of Nos. 107, 108 and 110 are of interest as they 
show that in the work of breeding improved varieties it is possible 
to transmit unimpaired the high quality of one parent. These 
three types were obtained by crossing Pusa 6 and Muzafiarnagar. 
In the case of No. 110, an improved Muzaffarnagar has resulted 
with stronger straw, red chaff and a high quahty grain. Where an 
improved bearded wheat is required on the Gaiigetic alluvium 
this variety is well worth a trial. 
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Table 3. 

Canifamon between Pusa 4, 107, 108, 110, groivn at Pusa and in the 
Central Provinces^ 1910-11 and 1911-12. 


Name of wheat and | 

localitv. i 

! 

CONSISTJSSCV. 1 

i 

Weight of 

1,000 grains 
m grammes. 

Nitrogen 

percentage. 

1910-11. 

1911-12, 

Soft. 

Inter. 

Hard. 

Soft. 

Inter. 

Hard. 

1910-11. 

1911-12. 

1910-11. 

1911-12. 

Piisa 4, Pusa 

0 9 

91 

3 

53 

44 

45‘67 

39-31 

2 '25 

2-26 

,, 4, Baipur 

0 ai 

50 

- 

__ 

- 

45-30 

“ 

1-79 

_ 

„ 4, Hoshangabad 

— 

- 

1 

40 

59 

- 

37-76 

— 

1-97 

„ 4, Tharsa 

— 


12 

69 

19 

- 

38-58 

- 

2*04 

„ 108, Pusa 

— 

- 

0 

2 

98 

~ 

31-07 

- 

2*39 

„ 108, Tharsa 

— 

- 

4 

72 

24 

- 

29-06 

- 

1-88 

„ 107, Pusa 

— 

- 

0 

4 

96 

~ 

38-49 

- 

2*36 

„ 107, Tharsa 

— 

- 

If) 

51 

33 

- 

35-10 

- 

2*05 

„ 110, Pusa 


- 

0 

15 

85 

— 

34-69 

— 

2*25 
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III. Summary of Conclusions. 

I’he conclusions arrived at as a result of the investigations 
described in this paper may be summed up as follows ; — 

1. Pusa 12, a large grained, white wheat, grown at thirteen 
stations on the Indo-Gangetic alluvium and on the black soils of 
Peninsular India under widely differing conditions as regards soil, 
available moisture, and agricultural practice has maintained its 
high miliing and baking qualities in all cases even under unfavour- 
able conditions. It behaved in the mill as a free-milling wheat and 
yielded strong flour and high grade loaves. 

2. The best results with Pusa 12 were given by the samples 
from the Indus Valley, the second best by those from the black 
cotton soil stations followed closely by those grown at Pusa and 
other stations on the Gangetic alluvium. 

3. In the case of Pusa 4, another white wheat with good grain 
qualities, the samples grown at Pusa, Tharsa, and Hoshangabad 
behaved very well in the bakehouse and in the markings for stability 
and strength were quite close together. 

4. The milling and baldng tests of the new Pusa hybrids, 
Nos. 107, 108, and 110, showthat,inthe process of hybridization, the 
milling and baking qualities of the strong parent have been trans- 
mitted unimpaired to the offspring. As far as the tests with these 
wheats have gone, the grain qualities have not been affected to any 
extent by change of enviroimient from Pusa to the Central Provinces. 

5. The results obtained generally confirm and amplify the 
conclusions reached in the previous paper, namely, that “ strong 
wheats with good milling qualities have been found to retain strength 
and milling equalities both under canal irrigation on the alluvium 
and also on the black soils of Peninsular India. In the future im- 
provement of the wheats of these tracts, the question of gruin quality 
should receive particular attention.” 






